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ABSTRACT 


Analytical study has been performed on f ree-v 1 brat i on of 

steel embedded plate-anchor assembly which is commonly used to 
support pipelines .machinery .equipments .etc. from R.C.C. 
members . 


Finite element technique has been used to analyse the 
idealised model of the embedded plate-anchor assemblies for 
different combinations of plate thicknesses .base stiffnesses .and 
anchor stiffnesses .Two basic types of models were adopted based 
on the expected behaviours of the concrete base and anchors at the 
plate-concrete interface . 

The results obtained from the different parametric 
variations of the plate-anchor assembly have been used to study 
the effects of such parameters , viz., plate thickness , conrete base 
stiffness .and anchor stiffness on the f ree-v i brat i on 


characteristics of such plates 
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CHAPTER 1 


INTRODUCTION 


1.1 GENERAL 

Use of cast- i n-piace embedded steel plates in 
R.C.C. structures is very common in modern civil engineering 
constructions, e.g. Nuclear Power plants, The rma 1 Power stations, 
Steel Plants etc. These plates are generally provided to support 
machines, equ i pment s .pipe! ines carrying running fluids etc. from 
the main R.C.C. memebers. Some typical embedded plates have been 
schematically shown in Fig 1.1. 

The plate anchor assemblies are installed at the desired 
locations by attaching them suitably to the concrete formwork 
prior to actual concreting operation. Generally, steel rod welded 
to the plates are used as anchor as shown in Fig 1.1. In addition 
to the static loads and forces such support systems may also be 
subjected to machine vibrations, siesmic inertias, and fluid 
dynamic forces (water, steam hamers > or combinations therof. 

In a great body of design probi ems , spec i f l cat i ons 
ensuring that the plates or any systems will withstand applied 
static loads, prove to be l nadequate .Rather, the designer must be 
concerned with the posssibility that large cyclic displacements 
and stresses may be induced due to periodic or random time varying 



forces acting on the system , or plates . It is well known that 
there exists a large number of discrete frequencies at which a 
plate may „ undergo vibration by sustained time-varying forces of 
matching frequencies . These are said to be resonant , natural, or 
free vibration frequencies of the plate system . It is also known 
that associated with each plate natural frequency there is a 
distinct charac t er i st i c or mode shape which the system acquires as 
it vibrates . 

It is apparent that the ability to conduct an accurate 
free vibration analysis of rectangular plate-anchor assembly 
system is absolutely essential if the designer is to be concerned 
with the possible resonance cord 1 1 i nos occuring with plate-anchor 
assembly due to the action of driving force system. In fact, free 
vibration of plate-anchor assembly (or any system ) is an 
essential first step towards obtaining solutions for the forced 
vibration of plate-anchor assembly embdded in R.C.C. members . 

1.2 ABOUT THE EMBEDDED PLATE -ANCHOR SYSTEM : - 


Embedded plate-anchor system consists of a steel plate 
supported by the concrete base and attached to the base with 
anchors . Generally, anchor-plate assembly is cast- in-place type 
.Anchors are welded to the plate surface . This assembly is 
inserted in the R.C.C. member as described earlier . A steel member 
e.g. I section , T section , or channel section is welded to the 
plate surface to support the pipes , machines , or working plate 
forms etc . The plate assembly thus becomes, in it s most regular 
form , a structure consisting of plate with it s central portion 



stiffened due to welded steel members ( see Fig 1.1 > while 
resting on an elastic concrete base and attached to base at 
certain location with steel anchors. A typical plate-assembly is 
illustrated in Fig 1.2 . 

1.5 LITERATURE SURVEY 


Although the free vibration analysis of plates resting on 
an elastic foundation has received the attention of researchers 
for several centuries , its treatment , it seems , has left much 
to be desired . Amongst the literature cited no one seems to have 
hit the problem , as chosen , directly but provides certain 
background to the problem . 

Basel , et.al.Cl] have developed more accurate procedures 
in the generation of the stiffness and mass matrices of a thin 
rectangular plate which can be subsequently embedded in a usual 
finite element program . They considered a plate in a free-free 
state along its boundaries . The displacement functions for both 
the static and f ree -v 1 brat 1 ona 1 cases are derived based on a Levy 
type solution method for plate analysis. In Levy’s method it is 
required that two opposite edges of the plate be simply supported, 
and it is assumed that the plate is infinitely long in the other 
direction . Furthermore, it is required that the lateral loading 
have the same distribution pattern in each section parallel to the 
longitudinal axis of the plate .Stiffness matrix for beams on 
elastic foundation was determine by E i senberger and Yankelevsky 
C5J. According to them a single element is required to exactly 
represent a continuous part of a beam on a Winkler foundation 



Laura and Gutierrez [4 ] dealt with the determination of 
the fundamental frequency of vibration of circular and regular 
polygonal plates elastically supported over a non-homogeneous 
foundation as shown in Fig 1.3. Both cases are tackled in a 
uniform fashion by adopting polynomial co-ordinate function [4] 
given as 

U = A1 ( X r + a,X ? +<x,X 2 + a X )< Y r + /9,Y 5 + ft~Y Z + ft. Y ) 
a 3 2 1 3 2 1 

Where , 

U r Response of the plate . 
a 

A1 - A Constant . 

y - An exponential parameter . 


f otj -« 2 .a 5 
< - 


_ f <-4>^ ,4>£ , > 

4> D 

i , , 

, 1 = 1,2 

a 


a , b 
D 
0 
X 


<p' D 

1 ,i=3,4 

b 

Sides of the rectangular plate . 

Flexural rigidity of the plate . 

Flexibility coefficient C 4 ] 

X 

a 


X 

Y 


Co-ordinate along X-axis . 

Y 

b 


Co-ordinate along X-axis . 



Finally, using the Ritz method they obtained the 
frequency. They considered the following boundary conditions in 
the i r study . 

Circular plate : 

The plate periphery is simply supported with 
elastic restraint against rotation. 

Regular Polygonal Plates : 

(i) The plate is simply supported along its periphery 
( i i ) The plate is clamped along its periphery . 

Laura and Gutierrez performed another study [5] regarding 
the forced vibration of rectangular plates embedded in a 
non -homogeneous foundation as illustrated in Fig 1.4 . The plate 
dynamic amplitude t m this case , is approximated by means of a 
polynomial co-ordinate function as given by the equation ( 1 > 
above which contains an undetermined parameter y as an exponent 
The governing functional is minimized with respect to the unknown 
coefficient (Ai) of the co-ordinate function and with respect to 
exponential parameter (y). 

Making the sinusoidal force zero the given problem in 
this paper results in free vibration of rectangular plate 
embedded in a non-homogeneous foundation . The proposed procedure 
is simple and apparently yields first order approx 1 mat i on which 
may be useful for design purposes . 


Volos and Dovgamch [6] 

studied 

the 

problem 

of 

plate 

resting on elastic foundation 

including 

the 

effects 

of 

shear 


deformation . They considered a rectangular transversely isotropic 



(same properties in the transverse direction > plate of constant 
thickness lying on an elastic base . The problem was solved by the 
method of approximate separation of variable .Natural frequencies 
and the corresponding vibrational modes of plates were 
1 nvest 1 gated . 

1.4 OBJECT AND SCOPE OF THE PRESENT INVESTIGATION : 


The current trend towards the analysis and design of such 
embedded plates is to make simplifying assumptions regarding the 
behaviour of the plate-anchor system . A series of assumptions are 
general 1 ymade in order to simplify the complexity of the problem. 
The objective of the present study is to study analytically the 
effect of parametric variation of the plate-anchor assembly, viz., 
plate thickness, concrete base stiffness, and anchor stiffness on 
the f ree-v i brat l on characteristic of such plates. 

The behaviour of the embedded plate-anchorage system is 
dependent on several factors such as the plate flexibility , the 
anchor stiffness and the concrete base stiffness. A typical 
embedded plate-anchor assembly has been analysed to study the 
effects of variations of plate thickness, concrete base stiffness, 
and anchor stiffness on the f ree-v l brat i on characteristics of such 
plates . 


The 1 oad-def 1 ect l on behaviour of the anchors and concrete 
base have been assumed to be linear . The concrete base has been 
assumed to consist of a series of linear springs which do not 
carry any shear stresses (i.e. Winkler type >.The base plate has 
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been analyzed within the limits of the thin plate bending theory 
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. CIRCULAR PLATE ELASTICALLY RESTRAINED AGAINST ROTATION 
ALONG THE EDGE . 


. PLATE OF REGULAR POLYGONAL SHAPE . 


FIG. 13 
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FOUNDATION * ECTANGULAR PLATE EMBEDDED IN A NON-HDMGGENEOUS 


FIG. 1.4 




CHAPTER 2 


2.1 DEVELOPMENT AND ANALYSIS OF THE MODEL : - 

A typical embedded plate assembly as shown in Fig 2.1 has 
been selected for the present study . The assembly consists of 
three basic components , the plate , the anchors , and the 
concrete base . Each of these components has been discussed below 
in connection with the free vibration study of the system 

2.1.1 THE PLATE PROPER 


The f r ee- v i brat t on characteristic of the embedded 
anchor-plate system are influenced partly by the f o . iwing factors 
attributed to the plate proper 

(i) Thickness of the plate relative to its other dimensions, 
(n) Aspect ratio of the plate, 

( 111 ) Properties of the plate material. 

The system has been analyzed by finite element method 

0 

with the following assumpt i ons regard ing the plate behaviour 0 
(i> The plate is thin , and therefore , thin plate theory is 

j 

appl i cable / 

<ii) Vibrations are of small amplitude . 

( i i j ) Ail the assumptions of thin plate theory for smali 
deflection of the plate are valid . 

The central portion of the plate where the steel member 
is attached has been assumed to be rigid . 


( i v ) 



< v> 


i 13* 

Plate material is homogeneous , isotropic , and linearly 


elastic. 

2.1.2 THE ANCHORS : - 

Embedded anchor exhibit non-linear 1 oad def 1 ect i on behaviour 
when subjected to pull-out and/or shearing forces . The exact 
behaviours depend upon the shape and size of the anchor , strength 
of the concrete in which anchor is embedded , and the bounding 
resistance developed between concrete and anchor . The 
load-deflection behaviours obtained from the experimental 
investigation for j-shaped anchors embedded in concrete masonry 
are illustrated in Fig 2.2 [7]. It can be observed from Fig 2.2 
that the load-deflection curve for a typical anchor is initially 
linear and becomes increasingly non linear with the increase of 
load . In the present study the load-deflection behaviour has been 
assumed to be linear in order to calculate the anchor stiffness in 
tension . On the basis of the experimental results obtained by 
Brown [7] the stiffness in shear of the anchor has been assumed to 
be one-half of the stiffness in tension . 

In the present work .the anchors have been considered to 
be active in compression , as well . In modelling the anchor 
stiffness in compression has been assumed to be of the same 
magnitude as in tension . The embedded plates have been analysed 
for the following two cases with the view to study the free 
vibration behaviour while modelling the anchors : 

( i > Considering the anchors to be active in tension only . 

(ii ) Considering the anchors to be active both in tension and 


r+ r\ r\nr-» r>- O C C 1 f"l H 
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2.1.3 THE BASE : - 


The response of the concrete base forms a topic of 
fundamental importance in the analysis of plate-base interaction 
problems . Prediction of the response of the concrete can be made 
basically from the knowledge of the complete stress-strain 
charac t e r 1 s t 1 cs of the plate-base .Considering the varieties of 
the plate-base which are normally encountered in engineering 
practice , it appears unlikely to obtain a generalised 
stress-strain relation to model such bases . 

The inherent complexity in the behaviour of the real 
concrete base , has led to the development of many idealised 
models of the base behaviour , especially , for the analysis of 
the plate-base interaction problem . The three basic types of 
models which can be used to represent the response of the concrete 
base are discussed below . 

2.2 THE WINKLER MODEL [8] : - 


The elastic base can be assumed to consist of mutually 
independent spring elements , capable of resisting compressive 
forces only . The deflection at any point on the contact surface 
is directly proportional to the contact pressure at that point 
and independent of contact pressure at other point : that is 

F = K Z 
c 

Where 'K' is the modulus of subgrade reaction having 
dimension of pressure per unit depth , F c is the contact pressure , 
and Z is the deflection of the plate . One important feature of 
this model is that the part of the base out side the contact area 



is not accounted for . 
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2.3 THE ELASTIC SOLID MODEL [8] : - 


It is common experience that surface deflections occur 
not only i mmed l at e 1 y under the contact region , but also within 
certain limited zone outside the contact region . To account for 
this behaviour .media have been idealized as three dimensional 
elastic half-space . Thus the problem can be solved by using the 
theory of classical elasticity . 

2.4 TWO PARAMETER MODEL [83 : - 


The deficiency of Winkler model in accounting for base 
area beyond the contact region and the complexity of mathematical 
solution of an elastic-solid model can be avoided by considering 
two independent elastic constants . Several such models have been 
developed by researchers .These models have been discussed in 
brief by Selvadurai C 8 3 . 

The mathematical complexity involved in solving a 
two-parameter model and an elastic-solid model have led to the 
adoption of the Winkler model for representing base response . The 
concrete base of Fig 2.1 has been idealized on the lines of Winkler 
model with the following assumptions : 

( i ) The base consists of mutually linear elastic springs 

capable of resisting compression only . 

(ii) All the springs shall be of the same stiffness if placed 

at the nodal points of a two dimensional grid consisting 
of eauallv spaced orthogonal lines irrespective of the 
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geometry . This is a modification of the original Winkler 
model . 


2.5 THE BASE-PLATE INTERFACE 


The base-plate interface is assumed to be smooth and 
frictionless in the region of contact . It is assumed that 
shearing force , if any , shall be resisted by the anchors only . 

After applying all the assumptions on the behaviour of 
each component of the plate assembly , the problem reduces to the 
solution of a linear- elastic thin plate, resting on a smooth 
.tensionless and friction less , linear elastic media and attached 
to the linear elastic tens 1 on/compres s i on / shear springs 
(anchors) at specified locations . The linear-elastic media of 
concrete base can be represented by linear-elastic mutually 
independent compression springs . 

2.6 THE FINITE ELEMENT ANALYSIS : - 


2.6.1 GENERAL :- 


The model as described earl ier shall be analyzed by 
varying the three parameters , namely : the plate thickness , the 
base stiffness (compression spring stiffness) and the anchor 
stiffness (spring stiffness with two cases as g i ven in sect i on 2.1 ) 
Using the finite element technique frequencies and corresponding 
eigenvectors (mode shapes ) are determined for different cases . 


In order to analyze the p i at e -anchorage system a finite 
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element model was developed . The base plate was idealized by a 
mesh of square and rectangular plate elements connected at the 
corners of the nodal points . The concrete is represented by the 
spring elements attached to the nodal points and to another fixed 
point . Since , the concrete elements can not resist the tension , 
the nodal points are free to translate in the +Z direction 
(vertically up) .The one dimensional boundary elements with the 
axial stiffness was used to represent these elements 

The same element type was used to represent the anchors 
for two cases ; Anchors resisting tension only and anchors 
resisting both tension and compression . A compression-only 
element was also placed at each anchor location connecting the 
same two nodal points in order to represent the concrete base 
element .The shear restraint of the anchors was represented by 
elements lying in the plane of the plate , with a stiffness (half 
of the tension stiffness ) representing the shear stiffness of the 
anchors . These elements are active in tension as well as in 
compress i on 

The SAP IV computer programme [12 3 was used to analyze the 
model . The thin plate element available in the programme is a 
quadrilateral of arbitrary geometry formed from four compatible 
triangles . The central node is located at the average of the 
co-ordinates of four corner nodes . The element has six interior 
degrees of freedom which are eliminated at the element level prior 
to assembly . Therefore f the resulting quadr i latera 1 has twenty 
four degrees of freedom i.e. six degrees of freedom per node in 
the global co-ordinate system .In the analysis of flat plates the 
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to the plate surface > is not defined , Therefore, the rotation 
normal degree of freedom must not be included in the analysis, and 
hence, rotational normal degree of freedom ) has been 

restrained in the analysis . 

Symmetry was exploited to reduce the computer time and 
cost . The model used for analysis is symmetric about X and V axes 
passing through the centre of the plate . Therefore , only quarter 
right upper part (See Fig. 1.2, Fig 2.5 and Fig 2.4) was analyzed 
by imposing conditions of symmetry . The conditions of symmetry as 
imposed on the nodes located on the axes of symmetry of the entire 
plate are as follows . 

( i > Along X-axis : Rotation about X axis : = 0 

Deflection in Y-direction : V = 0 
( i i ) Along Y-axis : Rotation about Y axis : &y = 0 

Deflection in X-direction : (J = 0 
<iii> Stiffness of the concrete or anchor e 1 ements s i tuated in 
axes of symmetry is equal to half of the stiffness of the concrete 
or anchor element situated elsewhere . 

The finite element grids , the node numbering , the 
element numbering , and element-arrangements are shown in Fig 2.3 
and Fig 2.4 for two typical finite element models , which were 
analyzed . 


In SAP 

IV the solution 

for 

frequency and 

mode shapes 

( e l genvectors > 

is sought by the 

two 

techniques ; 

determinant 


search method , and subspace iteration method as described in the 
SAP IV manual [123. Further relevant details about these 


the 
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The programme performs the solution for frequency and 
modeshapes using either of the above two distinct algorithms 
Determinant search algorithm requires that the upper triangular 
band of system stiffness matrix fits into high speed memory (core) 
which corresponds to one equation block . 

The subspace iteration algorithm is used if only portions 
(fractions) of the system matrix can be retained in core ; i . e . the 
matrix (even though in band form ) must be manipulated in blocks . 

The programme will automat i ca 1 1 y select the subspace 
iteration procedure for eigenvalue solution if the model is too 
large for the in-core algorithm . 

2.7 ITERATIVE SCHEME FOR DETERMINATION OF FUNDAMENTAL MODE AND 
FREQUENCY : 


As discussed before the concrete elements have been 
defined as compression-only elements whereas the anchor elements 
have been defined ; firstly, as t ens i on-on 1 y elements and 
secondly, as tens ion /compress ion elements . For the first case 
, the solution procedure requires that the concrete elements having 
tension and anchor tension elements having compression be 
identified after the first run of SAP , and subsequently, after 
each iterative run as needed . This is done by modifying the SAP 
so as to notify those nodes which are 1 i f t ed-of f and the anchor 
node undergoing compression . The SAP is re-run at each iterative 
step after eliminating such spring elements from the input . This 
procedure shall be repeated till all the concrete elements come 



tension . 
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For the second case, the solution procedure requires that 
the concrete elements having tension be only identified after 
first run of SAP, and subsequently after each iterative run as 
needed, keeping the anchor spring elements always active. As 
discussed above in the last paragraph the procedure is continued 
till all the concrete elements come under compression. 

% 

In order to implement the above iterative scheme the 
following three external programmes were incorporated : 

Programme to modify the input data at each iterative step 
for the analysis case when the anchor elements have been defined 
as tension only elements . 

< 1 1 ) Programme to modify the input data at each iterative step 

for the case when anchor elements have been defined as 
tension/compression elements . 

<iii) Programme to check the convergence : 

The purpose of this programme is to check that the same 

t h 

nodes which were lifted in the (l-l) iteration were also lifted 
1 h 

in the 1 iteration when the i iteration becomes the converged 
step .The flowchart for the iterative scheme is given, in the Fig 
2 . 5 and Fig 2.6 

2.8 SELECTION OF NUMERICAL VALUES AND PARAMETERS : - 
2.8.1 EMBEDDED PLATE : 


(i) Thickness of the plate : Plates of thicknesses 16 mm to 

40 mm are generally used in industrial projects for use in anchor 
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used as they become too flexible to be used as moment resistant 
plates . Also , plates of thicknesses more than 40 mm are 
generally not required for common types of applications . 

In present study commonly used thicknesses of embedded 
plates e.g. 16 , 20 ,24 , 28 ,52 .and 40 mm have been selected 

'q£L 

.The plate material has been considered to*, of standard quality as 
per IS : 226-1975 [91. 

< i i > Density of the plate material : 7.85 t/m^ [14] 

< i i i > Elastic modulus of plate material : 2x10^ n/mm 2 [14] 

< i v ) Poisson ratio of plate material : 0.5 [14] 

2.8.2 ANCHOR STIFFNESS 


Experimentally obtained 1 oad-def 1 ect i on data on j-shaped 
anchors embedded in grouted concrete masonry are given in Fig 2.2 
[7] . The linear values of the stiffnesses have been derived from 

Fig 2.2 for use in the present study . The values of anchor 

A A 4- A 

stiffness ,1x10 kn/m ,2x10 kn/m ,4x10 kn/m , and 8x10 kn/m 

correspond to the anchors of the sizes 10mm ,12mm ,25mm .and 52mm 

diameters .respectively .In the present study, anchors of 

diameters 25mm and 52mm were selected . The stiffness of the 

anchors in shear was found to be about half of the stiffnesses in 

tension , when subjected to combined loading [73. Therefore 

shear stiffnesses of anchors have been kept equal to half of the 

stiffness in tension throughout . 


2.8.5 BASE STIFFNESS 



An approximate method of estimating the values 


of 


concrete base stiffnesses was using the tributary area method as 
suggested by Diluna et.al.C103 was adopted in the present 
investigation . The method is explained below : 


K c = Concrete Base stiffness . 

= Tributary area of concrete base . 

2 

= 1.0 m for per unit area calculation . 

L = Effective depth of base (may be considered 
approximately equal to 0.6 m. for a common type 
of R.C.C. member . 

= Modulus of elasticity of concrete . 

= 5700 / f as per IS: 456-1978 C 1 1 3 

Where, f ^ = Characteristic strength of concrete 

2 

= 20 N/mrri for concrete . 

Therefore for M^q concrete 

4 2 

E = 2.55 x 10 N/mm , and hence. 


K = 4.0 x 10 KN/m 7m , for 

c 

2 

A = 1.0 m and L = 0.6 m 

c 

It is felt that the actual value of K 


will be much 


c 

higher than that obtained by the tributary area method due to the 

confining effect of the surrounding concrete mass also in certain 

cases the values of *K ’ can be lower due to the lesser thickness 

c 

of the R.C.C. members than the assumed value . Keeping this in 
view .the following values of ’K * were considered in order to 
broaden the applicability of the results of the present 
investigation : 

(i). K = 4.0 x 1 0 6 KN/m 2 /m ( Flexible Base ) 



( i i ) . K 

c 

( 111 ). K 

c 


( i v ) . K 

c 

(v) . K 

c 


= 2.0 x 1C 7 KN/m 2 /m 
= 4.0 x 3 0 7 KN/m 2 /m 
Me t hod ) . 

= 2.0 x 1 G 8 KN/m^/m 
= 4.0 x 10 8 KN/m 2 /m 


523 ? 

(Moderately Flexible Base ) 
(As per Tributary Area 

(Moderately Rigid > 

(Rigid Base > 
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CHAPTER 3 


RESULTS AND DISCUSSION 


3.1 GENERAL 


Total of 240 cases were analysed based on the following 

Models : - 

Model ype I : Considering the anchor to be active in tension only. 
Model Type II : Considering the anchor to be active both in 
tension and compression . 

The analysis results have been presented through graphs 
and tables for different combinations of plate thicknesses, anchor 
stiffnesses, and base stiffnesses .Numerical computations were all 
carried out using SAP IV programme (refer discussion in chapter 2 > 
on the H. P.9000-830 system in the computer center, I.I.T. Kanpur . 

Three mode shape patterns of the embedded plate assembly 
were finally observed after analyzing the 240 cases for different 
combinations of plate th l cknesses , anchor st i ff nesses , and base 
stiffnesses . Each of these patterns has been discussed in the 
following .The SAP IV programme outputs the frequency and the 
corresponding eigenvectors for each case of embedded plate 
assembly along with the method of computation adopted . 



> . i . i Mode shape pattern I : 
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The mode shape pattern of the plate assembly as 
illustrated in F 1 gs . 3 . 1 through 3.10 are described below . 

Figs. 3. 1-3. 3 These figures show how the plate 
converged to the final mode shape for the Model Type I . 

After the first iteration it has been observrd (Fig. 3.1) 
that a large portion of the plate was lifted excepting some area 
near the upper right-hand corner . 

After the second iteration (Fig. 3. 2) it has been observed 
that all the plate area was in contact excepting some localized 
region near the upper right-hand corner appearing 1 1 f ted-of f . 

The third iteration (Fig. 3. 3) produced similar pattern of 
the plate mode shape as was observed after second iteration but 
with smaller area in contact and large area under lift-off 
relative to the last iteration . 

The fourth iteration (Fig. 3. 4) also produced similar mode 
shape pattern with the indication of the spread of lift-off region 
around the upper right-hand corner . 

Finally.the fifth iteration (Fig. 3. 3) gave the 
convergence with exactly the same mode shape pattern as the last 
one, and thus producing the converged frequency and the 
corresponding eigenvector . 

The mode shape patterns i 1 lustratedi n Figs. 3. 1-3. 5 are 
representative of the plate behaviour through the process of 



fundamental frequency .It has been observed from the results 
(Tables 5.1-5.10) that the X and Y translational components in the 
plane of the plate, are negligibly small compared to those in 
Z-direction (vertical direction ). The plate frequency extracted 
after the first iteration appeared to be maximum as all the 
springs (concrete and anchors) were considered active .The 
subsequent iterations produced frequencies having magnitudes 
always less than that of the first iteration .although their 
mutual values were observed to be fluctuating depending on the 
inclusion of the numbers/ distribution of active springs . 


Figs. 5.6-5.10 : These Figures show how the plate converged to the 
final mode shape for Model Type II . 

On studying these Figures it has been observed that mode 
shape pattern at each iteration step is similar to what has been 
observed in the Model Type I analysis as illustrated in Figs 
5.6-5.10 although the frequency values have appeared to be 
different between two cases . 

It is observed that excepting for the first iteration, 
the frequency value extracted at each subsquent iteration-step of 
Model Type II analysis has been found to be higher than the 
corresponding frequency value of Model type I analysis .This is 
due to the fact that in Model Type II the anchor springs were 
considered to be active in both compression (plate depression) and 
and tension (plate lift-off) and thus adding to the system 
stiffness .The frequency-values for the first iteration in both 
the models were exactly the same due to the fact that all the 



springs ^concrete and anchors ) were considered to be active 
before the first iteration in both the models . 

Similar mode shape patterns at intermediate steps as well 
as converged step were observed when the plate assembly was 
analysed using the mesh size of 50x50 mms .This pattern of plate 
mode shape observed for the different combinations of the plate 
thicknesses , anchor diameters , and base stiffnesses are given in 
Table 3.2.1 for the two models and mesh sizes . 

3.1.2 Mode shape pattern II : In this pattern the compete plate 
has been found to be in contact (i.e. no plate lift-off > as 
illustrated in Fig. 3.11 (Mode 1 Type I) and Fig 3 . 1 2 (Mode 1 Type 
II). This pattern of the plate mode shape was observed for certain 
number of combinations of plate thicknesses .anchor diameters .and 
base stiffnesses for the two models and mesh sizes as given in 
Tables 3.2.2 . 

3.1.3 Mode shape pattern III : In this pattern of plate mode shape 
the complete plate was found to be under lift-off which has been 
illustrated in Fig 3.13 (Model Type I > and Fig. 3.14 (Model Type 
II) .This pattern of plate mode shape was observed for certain 
number of combinations of plate thicknesses .anchor diameters 
and base stiffnesses as given in Table 3.2.3 . 

3 . 2 VARIATION OF FREQUENCY WITH PLATE THICKNESS : - 


In order to study the frequency of the embedded plate 
assembly .various graphs were made for the frequency with the 
variation of plate thickness and base stiffness keeping anchor 
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stiffness unaltered .This excercise was undertaken and completed 
for the two analysis models and two mesh sizes .All such graphs 
are given in Figs. 3.1? ->.18 . 

Figs. > .15 and >.16 give the variation of the frequency 
of the plate-assembly with the variation in plate-thickness 
considering the three representative values of base stiffness ,as 
obtained from Mode 1 - 1 and Mode 1 - 1 1 analysis using the mesh size of 
50x50 mms . 


It has been observed from these Figs. >.15 and 3.16 that 

the plate assembly frequency generally increases with the increase 

of plate thickness for all the represen tat i ve base stiffness 

excepting in some special cases . It has also been observed that 

for a given plate thickness , frequency of the assembly generally 

increases with the increase of the base stiffness value . For the 

7 2 

base stiffness value of 2x10 KN/m /m (half the value calculated 

based on tributary area method ) and the plate thickness of >2 mm 

, the plate assembly mode shape gave a complete lift-off condition 

(Figs. 3.13 and 3.14) ( i . e . r e lat i ve 1 y flexible system > and thus a 

fall in plate assembly frequency .For the lowest base stiffness 
6 2 

value of 4x10 KN/m /m as has been considered in this 
work , frequency reached the maximum value for the plate thickness 
of 32 mm .beyond which a falling trend was observed in the 
magnitude of frequency . 

Figs. 3.17 and 3.18 give the variation of frequency with 
the plate thickness using 50x25 mesh . These Figures demonstrate 
similar trend as discussed above for Figures 3.15 and 3.16 
excepting the mode shape is completely a 1 ift-off(Figs .3. 13 and 



5.14) one in case of 52mm thick plate-assembly for base stiffness 
6 2 

value of 4x10 Kn/m /m. 

Tables 3.24 and 3.25 give the frequencies for different 
combinations of base stiffness for two different mesh sizes of 
50x50 mms and 50x25 mms as obtained from Model Type I and Model 


Type II 

analysis respectively 

It is 

seen 

that 

frequency 

increases 

with increase in plate 

th i ckness 

and 

concrete spring 

st i f f ness 

This trend is not 

foil owed 

where 

the 

plate is 


completely lifted-up . Moreover the frequency as obtained from 
Model Type 2 analysis have been found to be higher than those 
obtained from Model Type I analysis . 

It is also seen that for certain plate thicknesses and 

base stifnesses frequency converges towards lower bound when mesh 

size is reduced from 50x50 mms to 50x25 mms . For base stiffness 
8 2 

of 4x10 kn/m /m there is no convergence for this combination of 

i 

plate thickness , base stiffness , and anchor dame ter . 

Tables 5.26 and 5.27 give the frequency for different 
combinations of plate thicknesses and base stiffnesses for two 
mesh sizes 50x50 mms and 50x25 mms as obtained from Model Type I 
and Model Type II analysis, respectively . Observations made in 
this case have been found to be similar to those made from Tables 
5.24 and 5.25 above . 

5 . 5 EIGENVECTORS BASED ON VERTICAL TRANSLATIONS ONLY : - 


Tables 5.4 through 5.15 give only Z-translat ion element 
of eigenvectors for different combinations of plate thicknesses 
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anchor diameters .and concrete spring constants considering mesh 
size of 50x30 mms and Model Type I and Model Type II . Other 
elements of eigenvectors, such as X-trans lat 1 on and y-translat ion 
elements are not presented here .as these elements have found to 
be of insignificantly small magnitudes .However other elements are 
ail obtainable from the detailed computer outputs . 

From these Tables , it can be observed that as thickness 
of the plate increases the behaviour of the plate t endstowards 
rigid behaviour . This is evident from the nodal point deflections 
of the deformed plate (eigenvector) which appeared predomi nant 1 yat 
the same level of deflection .This is also partly due to the 
relative stiffness of the plate compared to base stiffness . When 
the eigenvector of the plate assembly gives complete lifted-up 
condition .plate becomes supported only by the anchor springs, 
and hence, the relative rigid behaviour of the plate becomes more 
pronounced . 

Tables 3.14 through 3.23 give only z-translat i on for 
different combinations of plate thicknesses, anchor diameters .and 
base stifnesses considering mesh size of 50x25 mms for Model 
Type II. 


It is observed that for this mesh size and 

poLltje.y n. of the node number l ng ( F i g . 2 . 4 ) .no solution was 

obtained for plate thickness of 16 mm . A message "Rigid body mode 

found " was given by SAP IV while computing . The reason can be 

refered from SAP IV manual [11] where it states : " In computer 

arithmatic the element d of the matrix D , in the triangular 

nn 

factorization of the stiffness matrix , i . e . K = L D L ,is small 



when compared wi 
condition occurs 
observations are 
3.13 . 


th the other elements of the matrix D 
the program stops with above message " 
similar as described earlier for Tables 
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PLATE MODE SHAPE FOR MODEL TYPE I AFTER FOURTH ITERATION. 

FIG. 3.4 



FINAL MODE SHAPE OF THE PLATE FOR MODEL TYPE I. 
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PLATE MODE SHAPE FDR MODEL TYPE II AFTER THIRD ITERATION 

FIG. 3.8 
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. 2370GE+01 

- . 1 39693+02 

. 71622E+02 

. 88880E+0O 

£9 

1 £1 £1 3- 7 7 

. 000003+00 

27075E+01 

.000003+00 

. 754683+02 

.808003+00 

sr. 

212233-18 

- 40324E-17 

- . 197043+00 

- . 467633+ 02 

.201913+02 

. 000003 + 00 

2 ? 

1 1 0393- 1 7 

- 42200E-1 7 

22473E+01 

- .523463+02 

. 49277E + 02 

. 008083+0 8 

2£ 

1 26373- 7 7 

- 28799E-17 

. 4191 OE + 01 

- . 18234E + 02 

.761613+02 

.808003+00 

23 

. 1 0495*0 1 7 

OOCOOE+OC 

. 45668E+01 

.00000 £+00 

.725243+02 

. @00 083+00 

£4 

3S7S73- “ 8 

- 442 1 3E-1 7 

. 25398E+G 0 

- 6C436E+02 

.151203+02 

4 1 3;??F+0£ 

. §00003+00 
O0O00E+ 00 

23 

2 c 

332283- * E 

- . 28020E- 1 7 

39647E+C1 

- 1 71 1 03+02 

. 6571 4E+OE 

.808003+00 

21 

359 0 73-1 S 

OOOOOE+OO 

61 6 95E + 0 ! 

. 000003+00 

. S 0545E + 02 

. 800003+00 

£0 

343623- 1 8 

- 4S626E-17 

S3938E+C0 

- .697073+02 

.6991 0E+0 1 

.880083+00 

1 9 

1 00 1 03- 1 7 

- . 45 725E- 1 7 

. 41 90SE+01 

- .749453+02 

. 23463E+ 02 

. 888083+00 

1 h 

. 359533- 1 8 

- . 6095SE-18 

. 69 01 2E + 0 1 

- .234293*01 

.837483-01 

.088003+80 

1 7 

1 16973-78 

OOOC0E+CO 

69018E+01 

. 000DOE+00 

.677573-01 

. 88888E+00 

1 6 

606363- 1 8 

- 442993-1 7 

. 5927 0E + Q 0 

- .764403+02 

- . 114833+01 

. ©8088E+00 

1 3 

639233-18 

- 42548E-17 

. 446563+01 

- . 776 1 8E+ 02 

.430833+01 

. 000003+00 

1 4 

239023-78 

- 34499E-18 

. 69C31E+01 

- . 1 31 833-01 

. 697833-01 

.800803+00 

1 3 

. 769833-1 9 

OCOCOE+OO 

. 6903SE+01 

. 00&O0E+OO 

. 6 1 797E- 0 1 

. 800003+ 00 

1 c 

484333 -78 

- 4 £' 3 6 0 E - 1 7 

49263E+0O 

- . 79S1 1 E+02 

- .553403+01 

.000003+00 

1 1 

3 i 8 1 6 3 - 1 6 

- 40444E- 1 7 

44&G73 + 0 1 

- .783643+02 

- .328413+01 

.000003+00 

1 0 

1 401 73- 1 & 

- 2S232E-18 

. 69 Q47E + 0 1 

- .72S34E-02 

. 49843E- 0 1 

. 800083+00 


b 3 1 2 1 3 - 7 9 

0 00003* 0 0 

.690493+81 

.0 00 00E+ 0 0 

. 45584E-0 1 

.000003+00 

& 

ci6c43- I fe 

- 406993-17 

. 35 1 35E + 0 0 

* .80943E+02 

- .476263+01 

. 008003+00 


167472-18 

- 3S918E-17 

. 437263+01 

- .801 63E+02 

- .501243 + 01 

.000003+00 

6 

6441 83- 1 9 

- 271223-16 

690563+G1 

- . 44S04E-02 

.257973-01 

.000003+00 


3*3423-1 9 

OC0C03+GO 

. 69 05&E + 0 1 

. 0OCQ0E+OG 

.238653-01 

. 000003+00 

4 

000002*00 

- 4 0 1 1 2 E - 1 7 

2818SE+00 

* .816833+02 

. 000003+00 

.080003+00 

?. 

0 00002* C 0 

- 3 6 1 E3E- 1 7 

. 429863+01 

-.808133+02 

. 000003+80 

. 00000E+00 


0 0 0 0 0 2 + 0 0 

- E70i 63-16 

. 6 9 05 9E+ 0 1 

- 37651E-02 

.000003+00 

.000 00E+00 

1 

0 0 0 0 0 2 «► 0 0 

000003+00 

690613+01 

OQ0OOE+O0 

.000003+00 

. 000003+00 
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TABLE 3 t . 2 - EIGENVECTOR (RODE SHAPE) FOR MODEL TYPE I 
SECOND ITERATION 

of pin 19 * tO mm 
Anchor d '• »R»* £ 9 ~ * 32 

Cor«:r#c* spring constant * 

A n ch on SC' ring constant * 

cios*nv«iu«*/ftrqutncy 


rur.csBfnri] fr*qutncy * £ OSS r « d / s #• c 

= 33 £.4 c yclsfi/sec 

P#ric>C * 0 30 09 £-0£ s»c 


4 0 E*07 kn/*/® 
8 . 0 £*0 4 kn/» 


n c 

d s* 

d • s p 1 

a c a » * n t 

s / r o t a t 

ions 



n c> z » 


Jr - 

y- 

2“ 

x- 

y- 

2“ 


T 

ri -‘- **“ 

translation 

translation 

rot at i on 

rotati on 

roT at i on 

It 

- 

5 1 1 C 0E-17 

2S447E- 17 

. 66005E + 00 

. 444625*02 

- . 39335E + 02 

. OOOOOE+OO 

3 C 

- 

13757E-TS 

, 1 5ESSE - 1 7 

- . 1 61 28E+G1 

. 481 36E+02 

-.4071 8E + 02 

. 00000E+00 

3 4 


4 1 6 1 6 E - 1 5 

6 6 9 0 1 5 - * 8 

- . 37369E*0! 

. 306 93E + 02 

-.334275+02 

. OOOOOE+OO 

11 


Ft! i 7E-1 9 

. 000005*00 

- . 456295*0 1 

000005*00 

-.284005+02 

. OOOOOE+OO 

32 

- 

1 0^h,£- 2 7 

1 ! 3c ! E - 1 7 

- 33203E+00 

. 451 97E*02 

- . 40767E + 02 

. OOOOOE+OO 

31 

- 

27 c t 7E-t A 

. 95552E- 18 

- . £ 624 8E + 0 1 

. 472 1 4E*02 

- .408595 + 02 

. 000002+00 

30 


. 1 2934E- t B 

5 3 M 1 E - 1 8 

- 46T45E+01 

. 277 9 OE * 02 

-.364055+02 

. 000005+00 

Z9 


. 1 £ 5 6 4 E - 1 E 

0 0 0 0 0 E + 0 0 

- . 53208E+01 

. 0000 0E*00 

- . 30366E+ 02 

. OOOOOE+OO 

£8 

- 

5 0 2 3 > E - ■ 6 

63580E- 18 

- » 39 35E + 0 1 

. 45474E * 02 

- . 447965+02 

. 000002+00 

£7 

- 

£364 - ] e 

49384E- 1 6 

- . 36527E* 0 1 

. 46360E+02 

- . 42298E+02 

. OOOOOE+OO 

£6 


. » I 4 6 2E- 1 8 

£90505-18 

- . 55£ 7 1 E* 0 1 

. 22847E+02 

- . 36223E+ 02 

. OOOOOE+OO 

2 c 


1 5*fr5E- t 6 

CCCOCE*CO 

- . 60521 E + 01 

. 0OD00E*00 

- . £53385*02 

. 000002 + 00 

£4 

- 

6 9 £r 6E- 1 8 

3££7 0E - 1 8 

- . £53095+0 ! 

. 4I865E+C2 

- . 440385+02 

. OOOOOE + OO 

£1 

- 

. 205P9E- t 8 

£ 1 7 b 1 5 - 1 8 

- , 4 6 7 6 3 £ * 0 1 

. 43957E*02 

-.38! 125*02 

. OOOOOE+OO 

££ 


. 70428E- t 9 

. 117612-18 

- . 63497E+G1 

. ! 44802+02 

- . £53 OTE* 02 

. 00 0002 + 00 

P ' 


. 1 1 18. IE - 2 8 

000005*00 

- 657 47E* 0 1 

. OOOOOE+OO 

1 24 67E* 02 

. OOOOOE+OO 

£0 

- 

5 0 c 0 >5 E ~ ■ S 

14365E-1S 

- 352 1 2E* 0 1 

. 36594E*02 

- . 3382CE+02 

. OOOOOE+OO 

1 9 

- 

. 16192E-1 8 

. 68845E-19 

- . 545565* 0 1 

. 37569E *02 

-. 2434OE*02 

. OOOOOE+OO 

1 8 


t St 4CE-1 9 

. 47 91 9E -2 0 

- . 67592E+01 

. 1 1 001E-01 

-.24519E-C1 

. OOOOOE+OO 

1 7 


1 962SE-1 9 

. 0COO0E*OO 

- . 675955*0) 

. OOO00E+00 

166952-0! 

. 000002+00 

1 6 

- 

31971E- t 8 

504895-19 

- . 4 1 87 C E * C 1 

. 321365*02 

199402*02 

. 000002 + 00 

} 5 

- 

I 25895- 2 8 

- . 1 95045-2 1 

- . 5859&E * 0 1 

. 320305*02 

-.927492*0! 

. OOOOOE + OO 

1 4 


1 2 747E- t 9 

- . 1 7347E-20 

- , 6759 8 E*0! 

. 5591 2E-02 

1 97885-01 

. OOOOOE + OO 

I *5 


J CC^tJC. J 9 

000005*00 

- . 67599E*01 

. OOOOOE+OO 

-. 1 &PO5E-0! 

. 000002+00 

• £ 

- 

20760E- 2 8 

. 555 CEE -20 

- . 45£94E*C 1 

. 2S05&E+02 

- . 81 690E+0! 

. OOOOOE+OO 

t 1 

- 

8 F 9 5 7 E - 1 9 

- £71 TEE-19 

- . 598025*01 

280725*02 

- . 426 1 7E*00 

. OOOOOE+OO 

1 0 


75954E-E 0 

- 43130E-20 

- . 67602E*01 

. 28469E- 02 

-. ? 37092-01 

. OOOOOE+OO 

9 


2 0406E- 2 9 

CCOOOE+OO 

- 67603E*01 

. 000O0E+00 

11936E-01 

. OOOOOE+OO 

c 

- 

98024E- 2 ? 

- . & 8 0 5 7 E - 2 0 

- . 464005*01 

. 2551 1E+02 

16198E+01 

. OOOOOE + OO 

7 

- 

4 36 815-1 9 

- 36205E-T9 

- .593865*01 

. 26444E+02 

. 39763E+0! 

. OOOOOE+OO 

f. 


38Q5?E-20 

- . 52 0 2 5 E - 2 0 

- . 6 7 6 05E * 0 1 

. 19072E-02 

-.688642-02 

.OOOOOE+OO 

•9 


5 t 575E -£ 0 

000005*00 

- . 67605E*01 

. OOOOOE+OO 

-.628362-02 

.OOOOOE+OO 

4 


000005*00 

- 1C62SE-19 

- . 46476E*01 

. 251 04E+02 

. 000005+00 

.OOOOOE+OO 

3 


v 0 0 0 0 5*00 

- . 3 8 0 3 5 E - 1 9 

- 5S756E+01 

.261 84E+02 

. OOOCOE+OO 

.OOOOOE+OO 

r. 


0 0 0 005*00 

- 5*0505-20 

- . 6?605E*C1 

. 1 8 029E-02 

. 000005+00 

.OOOOOE+OO 

t 


0 0 0 0 0 E * 0 0 

000005*00 

- . 6?606E*01 

OOOOOE+OO 

. OOOOOE+OO 

.OOOOOE+OO 



1505 


TABLE 3.1.3 - EICENVECTOR (MODE SHAPE) FOR MODEL TYPE I 
THIRD ITERATION 

Tm r^nt-ss of plat# * £0 sum 
Anchor d) * 32 su © 

Concr«T# spring constant * 

Anchor spring constant = 

£ i q e n v ^ i u *» / f e r q u * n c v 


Fundfi»* r itol frequency * 574-4 r a d / & e c 

* 914.2 cycles /sec 

Period * 0.1094 E-02 sec 


4 0 E* 07 fen/n^n 
& 0 £+ 0 4 kn/« 


n o 

d e h i s p i 

a c # m e n t 

s / r 0 t a t 

t (U 

» c 

1 0 



no he 

r.uB&er 

x — 

transiar jon 

y- 

iransiat ion 

transl at xor, 

X - 

rot&r ion 

y- 

rotat ion 

3 - 

rotit ion 

36 

1 9L* 1 03 - 1 V 

. 2 S S 2 £ 2 - 1 7 

.205432*01 

. 36681 E+02 

- . 41 0112+02 

. 000002+00 

33 

- 117373-17 

££ 3£9E- 1 7 

.265782*00 

332742+02 

- .521832+02 

. 000002+00 

34 

- 1913=^3-17 

20050E-17 

- .715842*00 

. 896232+01 

-.679022+02 

. 000002+00 

33 

- 2 0 6 0 c 2 - 1 7 

CO 0003 + 00 

- .91 9032*00 

. 000002+00 

- .733272+02 

. OOOOOE+OO 

32 

— 126172— 19 

330943- 1 7 

. 1 05952*01 

.417772+02 

- .366362+02 

. @00002 + 00 

31 

- 1 1 3383-17 

331 083-17 

- . 1 06262*01 

.411302+02 

- .535992+02 

. 000002+00 

30 

- 1 ££083- 1 7 

c 4 1 793- 1 7 

- 2441 12+01 

. 1 33202+02 

- .718322+02 

. OOOOOE+OO 

2 9 

- 163773-1? 

OCOOC3+GC 

- .275482 + 01 

. C0000£+00 

- .748522+02 

. 000002+00 

£8 

- . 1 £7133-1 8 

41 1 S4E- 1 7 

. £30382 + 00 

51 0302+02 

- .273272 + 02 

. 000002+00 

£7 

- 1 1 £383- 1 7 

432SEE-1 7 

- .23760E + D1 

.532972+02 

- .509092+02 

. OOOOOE+OO 

£ 6 

- 130363-17 

293663- 1 7 

- . 425672*01 

167662+02 

- . 74968E+ 02 

. 000002+00 

£3 

- . 1 07693- 1 7 

000002+00 

- . 43962E + 01 

. 000002+00 

-.715582+02 

. 000002 + 00 

£4 

- 362882-18 

423042-1 ? 

- . 31 9632 + 00 

. 625292+02 

-.179782+02 

. @00002+00 

£3 

- 1 1 61 73-1 7 

472463-1 7 

- . 3321 02+01 

. 673402+02 

- .39624E+02 

. @00002+00 

£ £ 

- 876443-18 

23541 2-17 

- . 598962 + 01 

. 1S8S4E+02 

- .636182 + 02 

. 000002+00 

£1 

- . 371743-18 

. 000002+00 

- .617462+01 

. 000002+00 

- .498622+02 

. 000602+00 

£0 

- .531433-18 

. 46781 £-17 

- .6S131E + 00 

. 704362+02 

- .830602+01 

. 000002+00 

1 9 

- . 1 01 8£3-1 7 

468382- 1 7 

- . 427S4E+01 

.730792+02 

- .222602+02 

. 000002+00 

1 8 

— , 3 6 S £ 7 3 - 1 8 

61 86SE-1E 

- 6S941E+01 

.21 6462-0 1 

- .825422-01 

. OOOOOE+OO 

1 7 

- 181 1 33-18 

. 000 002+ 00 

- . 689472+01 

. 000002+00 

- .672792-01 

. OOOOOE + OO 

1 £ 

- 592933-18 

.438062-17 

- . 748312+00 

. 764342+02 

- .757412 + 00 

. 000002+00 

1 3 

- . 631823-18 

436822-1 7 

- . 437042+01 

.749782+02 

- .501842+01 

. 000002+00 

1 4 

- £433 93-1 3 

330982- 1 8 

- . 68960E+01 

. 1 1 8382-01 

- .690132-01 

. 000002+00 

1 3 

- . 80286 3-19 

00C0 02+ 00 

- . 689632+0 1 

. 000002+00 

-.612362-01 

. 000002+00 

1 £ 

- . 468c’ 43-»8 

437072-17 

- . 701722+00 

. 793262+02 

.262502+01 

. OOOOOE+OO 

1 1 

-3791 93-18 

.417092-17 

- . 460722*01 

. 734012+02 

.584452+00 

. 000002+00 

1 0 

- 144333-18 

. 237972- IS 

- . £89752+01 

.589932-02 

-.495952-01 

.000002+00 

9 

- . 637723-1 9 

. 000003+00 

- . 68977E+01 

. 000002+00 

- . 4S203E- 01 

.000002+00 

8 

- 834323- 16 

, 422363-17 

-.6311 62+00 

. 809062+02 

.226832+01 

.000002+00 

'■? 

t 

- . 173622-16 

405022-17 

- . 428012+01 

.758892+02 

. 1 1 129E+01 

. 000002+00 

£ 

- 6 65b 33- 1 9 

27731 E-1S 

- . 689S5E+01 

.281992-02 

- .2S836E-01 

.000002+00 

3 

- . 376373-19 

. 000002+00 

- . 6S986E+ 0 1 

. 000002+00 

- .236972-01 

.000002+00 

4 

, 000002+00 

41737E-17 

- 600042+00 

. 81 427E+ 02 

. 000002+00 

.000002+00 

3 

000003+00 

3992 i E- 1 7 

- . 4264SE+ 0 1 

. 761242+02 

.000002+00 

.OOOOOE+OO 

£ 

000003+00 

£76 £2 £-18 

-.689882+01 

. 1 8E352-02 

. OOOOOE+OO 

.000002+00 

1 

000003+00 

0 0 0 0 0 2 + 0 C 

- . 689892+01 

. 000002+00 

. OOOOOE+OO 

. 000002+00 



TABLE 3.1.4:- 


EIGENVECTOR ( NODE SHAPE) FOR MODEL TYPE I 
FOURTH ITERATION 


T h i c * n * ■* " a of p 1 « c * * 2 0 mm 
Anchor (J'.iftttpr = 3 c' ft© 

O 

Concrf c *- son nc coniisnt * 4.0 E + 07 fen/a/a 
An c nor opr:nc const uni *80 E + 04 kn/» 

E i oar v« i ut-/ f a rqufncy - 


runo«ff>nr«I frequency 


P « r i o r 


* 5731 r*c$/sec 

= 91 8 £ cvc las/sac 

* 0.1 096 E-0£ tec 


n c 

da d • s p I 

a c a ft a n t 

s / r 0 t » t 

ion® 



nod® 

j - 

y - 

2 - 

x - 

y- 

2 - 

nu«»h*r 

trsni linen 

t rang ] st a on 

transl at ier. 

rot at i 0 7) 

rot ©t ion 

rot ®t ion 

3 n 

7 C l 7 C* E - 1 9 

254035-17 

. 3529SE+0 1 

. 52733E + 02 

- . 5 ! 597E+02 

. OOOOOE + OO 

3F 

- . 1 0FSEE- ? 7 

£4: 24E-17 

95084E+00 

46484E+02 

- 59442E+02 

. OOOOOE + OO 

34 

- 1 7 8 0 ? E - ? 7 

1 74?72-?7 

- 5 1 £4 4 E +0 0 

. 1 55 4 2 E + 02 

-. 69883E+02 

. 000005+00 

31 

- . 1 5 ~ C 1 E - :• 7 

CCO0OE+OO 

- S763CE+00 

OOOOOE+OO 

-.736585+02 

. OOOOOE+OO 

3 c 

, 5 9 i 94E - I 9 

3 154 0E- 17 

32523E + C 5 

. 56238E+ 02 

-. 4S249E+02 

. OOOOOE+OO 

3 1 

- 102648-?? 

3 C 745 E- 17 

- . 52172E+00 

.5E229E+02 

- . 6! 050E+02 

. OOOOOE+OO 

30 

- 15627E-57 

22042E- 17 

- 230C7E+0 1 

. 1 8336E + 02 

- . 74367E+02 

. ©OOO0E+O0 

c9 

- 1 6 1 4 7 E - 1 7 

0CC0CE+v0 

- . 27329E+C 1 

. OCOCOE + OO 

-.755965+02 

. ©0000E+00 

r p 

- 3? 443E — I 9 

375925“ 1 7 

. 1 C944E+01 

6148)5+02 

- .417905 + 02 

. ©OOOOE+OO 

2 7 

- 1 0 3 7 8 E - ? ? 

. 353 34c- 1 7 

- 20 J80E + 0 1 

. 6 1 534E + 02 

- . 57689E+02 

. OOOOOE + OO 

2 n 

- 12S64E-’? 

£ 7 4 ? 8 -E - 1 7 

-.41 820E+0 1 

.20C36E+02 

-.77228E+02 

.OOOOOE+OO 

2 C 

- 1 0679E- 1 7 

COOOCE+OG 

- . 459456 + 0 1 

. OOOOOE+OO 

-.71 878E + 02 

. OOOOOE+OO 

£4 

-.20241E-18 

4c 4 33E ~ 17 

17804E+CC 

. 68443E + 02 

- . 30274E+02 

. OOOOOE + OO 

23 

- 1 0 93 OE “ ? 7 

444732 - 1 ? 

-.33212E+C! 

72621E+02 

-.449445+02 

. OOOOOE + OO 

2 c 

- 560065-18 

£?££££- 17 

- . •S96666 + 0 1 

. 1 7439E + 02 

- . 651 015+02 

. 000006+00 

2 1 

- 7802 IE- 18 

ooeocE+oo 

- 6T785E+0! 

.OOOOOE+OO 

-.495215+02 

. OOOOOE + OO 

2 0 

- 37 75 «E- 18 

44867E- 17 

- 40892E+00 

. 7324 1 E + 02 

-. 162825+02 

. 000005+00 

1 9 

- 97122E-18 

451 89E-17 

- . 41 9 14E + 01 

. 759 05E + 02 

— . £55635+02 

.000006+00 

1 P 

- 3 6654E-18 

605365- ?© 

- . 68951E+0 1 

.22240E-0T 

- . 832665-0 1 

. OOOOOE + OO 

1 7 

- 12645E-15 

OOOOvE+OO 

- 68557E+01 

. OOOOOE + OO 

-.674885-01 

. 000005+00 

1 6 

- 462585 - 1 8 

44 7455- 1 7 

- . 65! 37E+00 

.T7501E+02 

- .508495 + 01 

. 000005+00 

1 *5 

- . 6249EE- 1 8 

429775- 17 

- 454405+01 

. 7 6248E + 02 

- . 65751E+01 

. OOOOOE+OO 

1 4 

- . 243492- * 5 

34 * 445- 7 g 

- . 68971 E+C 1 

. 1 201 6E-0! 

- .695675-01 

. 000005+00 

) 7 

- <59-4 3 08 - i 9 

OCOC 0 E+ 0 V 

- . 6S974E+01 

. OOOOOE+OO 

- .615295-01 

. 000005+00 

1 2 

- . 37994E- ? 9 

43239E- T 7 

- . 68735E+00 

. 794S2E+02 

.627085+00 

. O 00 OOE +00 

1 ) 

- . 36372E-? 5 

41 470E-17 

- 46082E+Q1 

. 75737E+02 

-.248105-01 

. O 00 O 0 E+O 0 

1 C 

- 14*28E-1* 

28723E- 1 © 

- 689S6E+0! 

. 587235-02 

- .499675-01 

. 000005+00 


- 692575-19 

OCCOCE+C0 

- . 68988E+C1 

. OOOOOE+OO 

- .454395-01 

. 000 005+ CS 

R 

- £T 042E-IS 

. 42082E-I7 

- . 649 13E+00 

. 8O681E+02 

. 154315+01 

. OOOOOE+OO 

7 

- 1 6627E- ? 8 

405 1 5E- 17 

- . 459 T 1 E + 01 

. 75787E+02 

. 926805+00 

. 000005+00 

6 

- 67246E-19 

27823E - 1 8 

- . 6S996E + 0 1 

.27068E-O2 

- .260205-0! 

. OOOOOE+OO 

9 

- . 3?P?7E- ? 3 

OOOOOE+OO 

- . 68997E+0 ! 

. OOCOOE+OO 

-.238255-0! 

. OOOOOE + OO 

4 

. OOOOOE-rOO 

4 1 679E - 1 7 

- . 62650E+00 

.81 1 03E + 0£ 

. OOOOOE + OO 

.OOOOOE+OO 

3 

. OO0OOE+C0 

40007E-17 

- .45752E+C! 

. 75900E+02 

.000005+00 

. 0000OE+00 

2 

. OOOOOE+OO 

27793E- 1 B 

- 6S5S9E+C1 

. 17477E-02 

.OOOOOE+OO 

. OOOOOE+OO 

1 

0O000E+0 0 

OOOOOE+OO 

- . 69000E+01 

. OOOOOE+OO 

.000005+00 

.OOOOOE+OO 
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TABLE 3.1.5:- 


EI6ENVECT0R t MODE SHAPE) FOR NODElTYPE X 
FIFTH ITERATION 


Thirknt-c? of p ) at • * £0 mm 
Anchor c? ) a»et #r » 32 mm 

Concrete spring constant * 4 0 £+0? kn/t 2 /* 
Anchor spring constant * £.0 E+0 4 kn/» 

E i g«nv< 1 u» /f *r qutncv - 


Funfli»enU1 f r^guf ncy 
d 


573) rad/sec 
5 ? £ 2 cycles / s * c 
0 1096 E-0£ s*c 


r. o 

d # 

d t s p 1 

a c « m * n t 

s / r o t a t 

tons 



node 

number 

x - 

tram J*tjc»ri 

y- 

translat ! on 

2- 

t rans in i on 

x — 

rot at i on 

y- 

rotat i on 

x- 

rotat ion 

21 


322002- 1 9 

£2 0182-17 

.362092+01 

S39832+ 02 

- .5162SE+02 

. ©OOOOE+OO 

23 

- 

1 04632-17 

. £37742-1 7 

. 1 02592+01 

. 4741 32+02 

- .S9469E+02 

. OOOOOE+00 

24 

- 

1 7693C-1 7 

1 72632-1 7 

- .309722+00 

. t 589S2+ 0£ 

- .69B22E+02 

. OOOOOE+OO 

22 

- 

. 1 9 7 £ 4 2 - 1 7 

CO 0002 + 00 

- .SSI 942+00 

000002+00 

- .735662+02 

. OOOOOE+OO 

32 


. 723S9E- 1 9 

31 1612-17 

.23421 2+01 

. 5749 42+ 02 

- . 49333E+02 

. OOOOOE+OO 

31 

- 

1 01 362- 1 7 

30342E-1 7 

- . 4SS07E+ 00 

S3 1 37E+ 0£ 

- .61 149E + 02 

. OOOOOE+OO 

30 

- 

. 1 22432-1 7 

£1S 4SE-17 

- .229732+01 

. 186542 + 02 

- .743682+02 

. OOOOOE+OO 

2 Q 

- 

1 6 1 0 C 2 - 1 7 

.0000 0E +00 

- .273682+01 

. 000002+00 

- . 7S533E+02 

. OOOOOE+OO 

20- 

- 

21 3702- 1 9 

37E38E-1 7 

. 1 1 8062 + 01 

. 6E748E+ 0£ 

- .42O27E+02 

.OOOOOE+OO 

27 

- 

1 02272-1 7 

3S964E-17 

- 1 9877E+01 

624C8E+02 

- .57880E+02 

. OOOOOE+OO 

2 6 

- 

1 22202- 1 7 

£73022-17 

- 41793E+01 

. £ 0£93E+ 02 

- .77272E+02 

.00000E+00 

£3 

- 

1 06232- 1 7 

000002+ DC 

- . 459702+01 

. OOOOOE+OO 

- . 7 1 8092+02 

. OOOOOE+OO 

24 

- 

1 S3 2 0 2- 1 h 

4 £ 1 392-1 7 

25351E+00 

. 69674E+02 

- .309742+02 

.000002+00 

23 

- 

1 03332-17 

441222-1 7 

- 32968E + 0 1 

7341 0E+02 

-.45225E+02 

. OOOOOE+OO 

£2 

- 

253272- 1 8 

. £71 642-1 7 

- S9654E+01 

1 7600E+02 

- . 651 652 + 02 

. 000002+00 

21 

- 

330302- IS 

. OOOOOE+CO 

- . 61 79SE + 01 

.000O0E+00 

- .494382+02 

OOOOOE+OO 

20 

- 

33763c- IS 

446512-17 

- . 356612+00 

. 740S2E+ 02 

- .172602+02 

.OOOOOE+OO 

1 9 

- 

963b1 2- 18 

449912-17 

- 417S1E + C1 

. 76464E+ 02 

- .258812+02 

.OOOOOE+OO 

1 8 

- 

362222- 1 8 

603722-lb 

- . 689522+01 

.223442-01 

- .833612-01 

.OOO00E+00 

1 7 

- 

1 £3382- 1 8 

.000002+00 

- . 6895SE + 0 1 

OOOOOE+OO 

- .675252-01 

. OOOOOE+OO 

1 6 

- 

449232-18 

44606E-17 

-.621352+00 

.77938E+02 

- .58420E+01 

.OOOOOE+OO 

1 5 

- 

821 782- 1 3 

.487642- 1 7 

- . 453492+01 

. 76596E+ 02 

- . 68032E+0 1 

.OOOOOE+OO 

1 4 

- 

£43412-18 

343S4E- 1 S 

- . 68972E+01 

. 1E063E-01 

- . 69655E- 0 1 

.OOOOOE+OO 

1 3 

_ 

838832- 1 8 

000002+00 

- . 6897SE+01 

OOOOOE+OO 

- .615802-01 

OOOOOE+OO 

1 2 

_ 

37 Of 32 - I 8 

431592-17 

- 67271E+00 

79689E+ 02 

. 1 64S6E+0 0 

OOOOOE+OO 

1 1 

_ 

361 932- 1 8 

414142-17 

- . 460402+01 

. 75922E+ 02 

- . 1 6596E+00 

.OOOOOE+OO 

1 0 

- 

1 4320*2- 1 8 

£2? 022- 1 8 

-.68987E+C1 

. 58868E- 02 

- .50036E-01 

.OOOOOE+OO 

9 

- 

693972- t 9 

.000002+00 

- . 6896 9E +01 

.OOOOOE+OO 

- .45482E-01 

.OOOOOE+OO 

t 

_ 

£ CSC 92- 1 8 

420382-1? 

- . 642872+00 

. 8 07 67E+ 02 

. 1332SE+01 

.OOOOOE+OO 

7 

_ 

1 63472-1 S 

.404902-17 

- . 4S896E+01 

. 75877E+02 

. 86239E + 0 0 

.OOOOOE+OO 

6 

_ 

6 7 2 9 2- 1 9 

. 2721 92- 1 6 

- . 689972+01 

. 27024E- 02 

- . 260S7E-01 

.OOOOOE+OO 


- 

3973)2-19 

OOCOOE+OO 

- . 68993E+01 

OOOOOE+OO 

- . 23849E-0 1 

.OOOOOE+OO 

4 


0 00002+00 

4 16462-1 7 

- . 622B5E+ 0 0 

. 8 1 1 53E+ 02 

. OOOOOE+OO 

.OOOOOE+OO 

3 


000002+0 0 

.399938-17 

- . 45776E+01 

75960E+02 

. OOOOOE+OO 

.OOOOOE+OO 



000002+00 

.277938-12 

- . 690008+01 

.173728-02 

.OOOOOE+OO 

.OOOOOE+OO 

1 


u 000 o 2+00 

. 000008+ 00 

- .690018+01 

.OOOOOE+OO 

. OOOOOE+OO 

.OOOOOE+OO 
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TABLE 3 £ 1 . - 


E 1 CENVECTOR ( MODE SHAPE) FOR MODEL TYPE II 
FIRST ITERATION 


T h :rknm of p 5 a t e * £0 *« 

Anrhcr d i a ® e t # r * 32 s a a 

Concrete spring constant * 4 0 £+07 fen/m/s 
Anchor spring constant * £ 0 £+04 kn/a 

Ei genvel ue/f erpuenev -~ 


Fundaiftfruil frequency 
Period 


* 80 S6 red/j*c 

= 332 4 cycles^sec 

* 0 3009 E -08 sec 


n o 

d © 

d i s p 1 

& c e a e n t 

f / r o t a t 

Lons 



nod*- 


i - 

y- 

2- 

x- 

y- 

z- 

nu«afce r 

T 

r <nS ) *T 3 C-fi 

t ranslai ion 

Trans lat i on 

ratal i on 

rotax i on 

rout i on 

36 

_ 

1 1 1302- 1 7 

1 S447E- 1 7 

. 66003E+00 

. 4446£E+0£ 

- . 3933SE+ 02 

. 00000E+00 

32 

- 

337272-1 8 

192B8E-1 7 

- 16128E+01 

. 481 36E+02 

- . 4071 8E+ 02 

. OOOOOE+OO 

34 


416162-19 

669 0 IE-18 

- 37369E+01 

. 3 06 9 3E+ Q£ 

- . 33427E+ 02 

. OOOOOE+OO 

22 


211172-19 

0O0G0E+0Q 

- 456 £9£+ 0 1 

. 000002+00 

- . 284 0OE+ 02 

. OOO0OE+OO 

2^ 

- 

1 Q288C- 1 7 

. 11321 E -17 

- 33£03E+ 00 

.45197E+02 

- .40767E+02 

. OOOOOE+OO 

3 1 

- 

£73172-18 

935928-1 9 

- £62482+ 01 

. 4?£1 48+02 

- .40859E+02 

. OOOOOE+OO 

3 0 


1 29362-1 8 

S3 1 4 1 £ - 1 8 

- 461 45E+01 

. 2779 02 + 02 

- .36405E+02 

. OOOOOE+OO 

2 V 


123642-16 

0O000E+C0 

- S3208E+ 01 

. 000002 + 00 

- .30366E+02 

. OOOOOE+OO 

82 

- 

.90831 2-18 

63SS0E-18 

- 139332+01 

. 45474E+02 

- . 44796E+ 02 

. 000002 + 00 

£7 


£36692-18 

493S4E-1 8 

- . 363272+ 0 1 

. 463602+02 

- . 42298E+ 02 

.OOOOOE+OO 

Of 


1 14622-18 

29020E-1 o 

- 352712+01 

. 22847E+02 

- . 36223E+ 02 

. OOOOOE+OO 



1 36622- 18 

00000 £+00 

- .60521 2+01 

. OOSOOE+OO 

- . 25338E+ 02 

. OOOOOE+OO 

£4 

- 

8 9c 6 68-18 

3££7 02- ‘ 8 

- .£53092+01 

. 418652+02 

- . 44038E+ 02 

. OOOOOE+OO 

;V "7 

_ 

£03092-18 

£ 1 7 6 1 E - 1 S 

- .467632+01 

. 43957E+ 02 

-.381 12E+02 

. OOOOOE+OO 

2 2' 


704288- 1 9 

. 1 1 781 E-1 8 

- . 63497E+01 

. 1 448 0E+ 02 

— . 283C7E+ 02 

. OOOOOE+OO 

21 


1 1 3 2 8 8 - 1 8 

. OOOOOE+OO 

- . 65747E+ 0 1 

. OOOOOE+0O 

- . 12467E+02 

. OOOOOE+OO 

2 0 

_ 

SO £08 8- 18 

1 436SE-1 8 

- . 35£ 1 £E + 0 1 

. 36S94E+02 

- .33820E+02 

. OOOOOE+OO 

1 V 


1 63928- 1 8 

. 6884SE-1 9 

- .343562 + 01 

37S69E+02 

- . 2434 0E+ 02 

. OOOOOE+OO 

1 2 


.131 408- 1 9 

4791 9E -£ 0 

- .67S982+01 

. 1 1 0012-01 

- . 2451 9E-C t 

.OQOO0E+OO 

1 7 


196288-19 

. 0000 0E + 00 

-.675952+01 

. OOOOOE+OO 

- . 1 6S95E-0 1 

. 000 00E+00 

1 6 

_ 

. 339738- 16 

504S9E- 1 9 

- .418705+01 

.32136E+02 

19940E+02 

.OOOOOE+OO 

1 3 


1 £3898- 1 8 

- 19S04E-21 

- . S8596E + 01 

. 32 03 0E+ 02 

- .92749E+C1 

.000005+00 

1 4 


1 1 3472- 1 9 

- 17347E-20 

- 673982+01 

.559122-02 

- . 1 97882-0 1 

.OOOOOE+OO 

1 3 


1 23692- 1 9 

. OOOOOE+ 00 

- . 673992+01 

.OOOOOE+OO 

- . 1600SE-01 

.OOOOOE+OO 


- 

£07 f 08-16 

. SS5Q2E-20 

- 452942+01 

. 2S0S6E+ 02 

- .81690E+01 

.OOOOOE+OO 

1 1 

_ 

S29972- 1 9 

- £7 1 1 £E- 1 9 

- . 59S 0£E + 01 

.28072E+02 

- . 4261 7E+00 

.OOOOOE+OO 

l 0 


729948-20 

- 431 30E-S0 

- , 676 022 + 0 1 

. 28469E- 02 

- . 13709E-01 

.OOOOOE+OO 

% 


1 04062-19 

OOOOOE+OQ 

- . 676032+01 

OOOOOE+OO 

-.11 936E-0 1 

.OOOOOE+OO 


_ 

980242- 1 9 

- 6S057E-20 

- 464002+01 

.2551 1E+02 

-.161 98E+0 1 

.OOOOOE+OO 

-j, 

_ 

436338-1 9 

- . 362 05E- 1 9 

- . S9386E+01 

. 26444E+ 02 

. 39763E+ 0 1 

. OOOOOE+OO 

f> 


3 £0378-20 

- .5£015£-£0 

- . 67605E+01 

. 1 9072E-02 

- . 688S4E- 02 

. OOOOOE+OO 



3 1 S738-2 0 

. 0G00QE+ 00 

- . 67605E+01 

. 00000E+00 

- 62836E-02 

.OOOOOE+OO 

4 


0 GOO 0 84-0 0 

- . 1 0628E-19 

- . 46476E + 0 1 

.251 04E+02 

.OOOOOE+OO 

.OOOOOE+OO 

3 


OOOOOE+OO 

- 38036E-19 

- 38756E+01 

.261 84E+02 

.OO0OOE+OO 

.OOOOOE+OO 



000008+00 

- 54056E-20 

- . 67605E + 0 1 

, 1 8029E-02 

. OOOOOE + OO 

. OOOOOE+OO 

1 


00 00 08 + 0 0 

. OOOOOE+ 00 

- . 67606E + C1 

.O0000E+00 

. OOOOOE+OO 

. OOOOOE+OO 
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TABLE 3.2.2- 


EIGENVECTOR ( MODE SHAPE) FOR MODEL TYPE II 
SECOND ITERATION 


ThlCkne-'i Of r.Utt = 2 0 SSSfc 

Anchor * 3 c aa 

Concr»t*‘ spring constant =40 E + C7 k n / fcV » 
Anchor sprang const am * 8 0 E + 04 kn/n 

Hi C' + n v «t i u + / f#rquencv 


rundABfnti) fr*qu®ncy 


P # r i o ” 


* SB 4 7 racJ/stc 

* 930 . S eye l#s/s#c 
= 0 . 1 07S £- Oc s&c 


n o 

d e> das 

O 1 

i c *> m c n t 

s / r o t a t 

ions 



r.ocjp 


i — 

y- 

2- 

x- 

y- 

i — 

n u •> ' ■■ » r 

frin-l#.' 

on 

tram lition 

transl at ion 

rot at i on 

rot at i on 

rot at i on 

16 

1 i S 4 7 E - 

' 8 

.22817E-17 

£36?££+01 

36348E+82 

-M2327E + 02 

. OOOOOE+OO 

IS 

- i C i ■ 7 E - 

’ 7 

1 99S*E“t7 

5331 5E + O0 

. 35S57E + 0£ 

- . 52007E+02 

. OOOOOE+OO 

14 

- 5 & c c 4 E - 

• y 

1 6 7 ? 3E - t 7 

- 58554E+0O 

1 1735E+CE 

- . 68244E+02 

. OOOOOE+OO 

11 

- £0 0 I St- 

: *9 

O0COOE+OQ 

- 66447E+O0 

. OOOO0E + OO 

- . 73577E+0S 

.OOOOOE+OO 

1C 

£ y c ; o 5 - 

• 8 

2590 8 E - 1 7 

. 134T7E+01 

. 4092SE + 02 

- . 37894E+02 

. OOOOOE + OO 

3 1 

- q r« 4 p. E - 

1 8 

2955 } E- 1 7 

- . 79240E+OO 

. 43269E+02 

-.53423E+02 

. 00OOOE + OO 

30 

- ) b i SCE - 

S 7 

21372E-17 

- . £3£43E + 0 1 

. 1 6133E + 02 

- .72723E+02 

. OOOOOE+OO 

£9 

- 1 6 4 3 c E - 

i 7 

OOOOOE+OO 

- 27120E+C) 

. OOOO0E + OO 

- . 75528E + 02 

. OOOOOE+OO 

£ v 

1 1 9ME- 

S 8 

37055E*17 

. 49654E+00 

50156E+02 

-.29203E+02 

. OOOOOE+OO 

£7 

- . 1 C 0 £ 1 E - 


39295E-17 

- . £1 25 0E + 0 1 

. 55523E + 02 

- . 5302 0E + 02 

. ©OOOOE+O© 


- TcA^E- 

i 7 

. 27257E“ 17 

- . 41 730E+D 1 

. 1 9337E + 02 

- . 76878E + 02 

. OOOOOE+OO 

cs 

- . i 09 c se- 

* 7 

. 0 00 OOE+OO 

- . 45742E+0 1 

. OOOOOE + OO 

-.723932+02 

. 000005+00 

£4 

- . 1 i t COE' 

i 8 

42278E- 17 

- . 1 2523E+00 

. 61759E + 02 

—.201 87E+02 

. OOOOOE+OO 


- . 1 0SS4E- 

1 7 

. 4 44 TIE ~ 1 7 

- . 13494E+0 1 

. 69706E+02 

- . 43421E+02 

. OOOOOE+OO 

£ £ 

- ATC®7E- 

] 8 

272535“ 17 

“ . 556 1 CE + C 1 

. 1 7495E+02 

63933E+02 

’. 000005 + 00 


- 14 P.4 CE - 

1 8 

OCOO0E+CO 

- . 6T734E + 0 1 

OOOOOE+OO 

-.502395+02 

. @OOOOE+00 

EC 

- 33194E- 

8 

. 446 17E“ 17 

-.50538E+OO 

.7001 5E+02 

-.937085+01 

. OOOOOE+OO 

1 9 

- . 934E2E- 

J 8 

. 4S067E-] 7 

- . 41806E + 01 

. 75433E+02 

- .243725+02 

. OOOOOE+OO 

1 8 

- 3 6 4c IE* 

• 8 

. 60392E“ 1 8 

- .690) 1E+01 

.23437E-01 

-.832365-01 

. 000005 + 00 

1 7 

- 1 CSC 4E - 

1 A 

O0O00E+0C 

- . 69017E+C) 

OOOOOE+OO 

-. 67225E-01 

. 000005+00 

1 6 

~ 4SS3-7E * 

» c 

. 44 1 74E-17 

- .597 1 9E + 00 

. 76348E+02 

.277815+00 

. 000005+00 

1 S 

- 590485“ 

■ 8 

42356E- 17 

- 44900E+01 

77647E+02 

-.456525+01 

. OOOOOE+OO 

1 4 

- 24294P- 

: 8 

34444E“ 1 8 

- 65030E + C 1 

. 13167E-01 

-.653095-01 

. OOOOOE+OO 

1 1 

- , 817075“ 

• 4 

. OOOOOE+OO 

- . 65C34E+CT 

. OOOOOE+OO 

-.61 332E-0 1 

. OOOOOE+OO 

1 £ 

- . 390E2E- 

) 8 

. 42247E- 1 7 

~ SC9C6E+-00 

. 79297E+02 

. 534 1 6E + 0 1 

.OOOOOE+OO 

1 5 

- . HhAAE - 

1 8 

. 4Q520E-17 

- .44SS8E+01 

. 787 08E + 0£ 

.327655+01 

.OOOOOE+OO 

1 0 

- Ml C ! £ - 

1 8 

2S373E-18 

- . 6 9045E + 0 1 

.72S66E-02 

-.4 9474E-0I 

. OOOOOE+OO 

y 

- 67&42E- 

: 9 

. 0OOCOE+00 

- . 69048E+01 

. 0C000E+00 

- . 45237E-01 

.000005+00 

# o 

- £ cM 8 y E - 

1 8 

. 4C723E- 1 7 

-16939E+0O 

.80719E+O2 

.477085+01 

.000005+00 

7 

- . 1 s 0 9 0 E “ 

1 8 

35083E-J7 

- 437 56E + 0 1 

. 7 9958E + 02 

.505125+01 

. OOOOOE+OO 

h 

- 65859E- 

1 9 

. 27333E-18 

- . 69055E+C 1 

. 45083E-02 

- . 25594E-01 

. OOOCOE+OO 

% 

- 18S8CE- 

1 9 

. OOOOOE+OO 

- . 69056E+C! 

. OOOOOE + OO 

-.236795-01 

.OOOOOE+OO 

A 

0 0 0 0 0 E » 

OC 

MCI 74E-I7 

- .289565+00 

. 8M64E + 02 

. OOOOOE+OO 

. OOOOOE+OO 

1 

. o e o o oe - 

c»o 

, 3834 15-17 

-.43051E+01 

.806035+02 

. OOOOOE+OO 

. OOOOOE+OO 


0 0 0 v 0 5 * ■ 

0 0 

. 27247E-18 

“•.690 58E+01 

38034E-02 

. 000005+00 

.000005+00 

1 

0 0 0 0 0 E r 

no 

. OOOOOE+OO 

- . 65059E+C1 

. OOOOOE+OO 

. 000005+00 

.OOOOOE+OO 



TABLE 3. £.3 


EIGENVECTOR ( RODE SHAPE) FOR 
THIRD ITERATION 


c * pi AT© * 2 0 ft ft 

A nr-,'; ■ - C : cBf T * 32 a»B 



'.or;r«’j * p 

-1 

ng con stint * 4 

0 E+07 kn/i 2 / ; 


Ar-'- no- spr; 

rg 

cons tint * £ 

0 c + 04 in/s 


£ ; q ¥ r> ■» a 1 u ** ^ f © 

r qutr.c v 



R u r, o «, ip. n r « 1 

f 

r a 0 vi ♦ n p y = 5 

P23 rad^ssc 




= 9 

26.8 cyclfts/ft 


H © r } . . r 


= 0 

1 079 E - 02 s* 

r o 

C © PIS! 
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TABLE 3 Z A - EIGENVECTOR ( MODE SHAPE) FOR HODELTYPE ) 1 
FOURTH ITERATION 

Thitkrt*-,-- v f p ] a < * * 2 6 m #■ 

Anchor d T iftf c * >r * 3 c Bi w 

Concrete son ng ccns ( io: * 
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TABLE 3-2 1 


COMBINATION OF PLATE THICKNESS , ANCHOR D 2 APSCTER5 
AND BASE STIFFNESSES SHOWING THE FIRST PATTERN 
OF THE MODE SHAPE (SOME PORTION NEAR RIGHT HAND 
CORNER L I PTED-UP ? 
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TABLE 3 . §* 5 


COMBINATION OF PLATE THICKNESS , ANCHOR DIAMETERS 
AND BASE STIFFNESSES SHOWING THE SECOND PATTERN 
OF THE MODE SHAPE (COMPLETE PLATE UNDER COMPRES- 
SION ) 
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Thickn«*» in 

Bt if fn®B8 

Typ* 

Si i* 

d i *»*t #r 
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in nisi 
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1 6 

20 

24 28 32 




3£ 
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20 

£4 £6 32 
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24 

28 
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24 
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3£ 

40 





32 

32 

40 
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— 
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— 
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A , 0**0© 
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-- 




1 1 
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— 
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TABLE 3 g 3 


COMBINATION OF PLATE THICKNESS , ANCHOR DIAMETERS 
AND BASE STIFFNESSES SHOW I HZ THE THIRD PATTERN 
OF THE MODE SHAPE ( COMPLETE PLATE UNDER LIFT-OFF) 


Bam® 

Mod® I 

Nrmh 

Anchor 

PUt® Thickn#ii in mm 

®t i f fnen 
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S 1 2r 

d i agfert tr 


in kn/ft 1 /* 
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in a© 
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4 . 0r + C6 
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25 

40 




32 

-- 


II 

50x25 

£5 

32 40 




32 

32 40 
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25 

£4 26 




32 
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25 

28 




32 

32 
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25 
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32 
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I I 
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25 
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32 
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2S 
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32 
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32 
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— 
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25 
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32 

— 

£ . 0r + 08 
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25 

24 




32 

— 


II 

50x25 

25 






32 

— 



50x50 

25 
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32 
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I 



«r 
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25 
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32 

-- 

4 . Or +08 


50x50 

25 

32 




32 

-- 


II 

50x25 

25 

£4 
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E I SENVECTOPSC Z-TftANSLAT I ON CNLYIFQR DIFFERENT PLATE 
THICKNESS AND ANCHOR DIAMETERS . 

Kc - 4.0E+06 
n&5h size * 5 0X50 
Rod® 1 typ© I 


node 


Thic.kn©ss of plat® in ®s 



£0 - 3001 - 3001 -1.6715 -1.6715 -£.9783 -£ 

15 >-1.9265 -1 9265 -3.0890 -3.0890 -4.0454 -4 
IB -3.0236 -3 0236 -4 . 08T4 -4.0874 -A. 8124 -4 
IT —3.4106 -3 4106 -4.4969 -4.4989 -5.1480 -5 

16 1-3.4600 -34600 -4.3790 “4.5790 -5.2209 “5 
15^2.0369 -2.0369 -3.1623 “3.1623 -4.0863 -4 
14 -4 . 0336 -4.0336 “4 6852 -4.6852 -5.1717 -5 
13 i-5.3531 -5 3831 -5.7205 -5 7205 -5.9123 -5 
Iff -5.7073 -5.7073 “5.9981 -3.9981 -6.1213 “6 
M 1-5.7233 “5 7233 -6.0247 -6.0247 -6.1456 -6 
1©;— 3.2275 -3 2275 -4.2051 -4.2051 -4 8697 -4 

9-5.4546 -5.4546 -5 7628 -5.7628 -5.9338 -5 
8 -6 8533 -6 8533 -6.7228 -6.7226 -6.5835 -6 
7-6.8540 -6 8540 -6.7237 -6.7237 -6 5645 ~6 
6 -6.8543 -6 8543 -6.7240 -6.7240 -6.5849 -6 
5 -3 6039 -3.6039 -4 5466 -4.5466 -5 1302 -5 
4 -5,7636 -5.7838 -6.0231 -6.0231 -6.1218 -6 
3 -6.6535 -6.6535 -6.7230 -6,7230 -6.5837 -6 
2 -6.8541 -6.8541 -6.7237 -6.7237 -6.5646 -6 
1 -6 . 8543 -6.8543 -6.7240 -6.7240 -6.5849 -6 


.9783 -3.9227 -3.9227 -4.5450 -4.5450 5.4E3? 
.0454 -4.6930 -4.6930 -5.0971 -5.0971 5.6005 
.8124 -5.2522 -5 2522 -5.5002 -5.5002 5.7784 
.1480 -5.5040 -5.5040 -5.6846 -5.6846 5.8650 
.2209 -5.5614 -5.5614 -5.7277 -5.7277 5.8736 
.0863 -4.7149 -4.7149 -5.1090 -5.1090 5.6367 
.1717 -5.4756 -5.4756 -5.6448 -5.6448 5.7884 
.9123 -5.9956 -5.9956 -6.0114 -6.0114 5 . 9538 
.1213 -6.1465 -6.1465 -6.1197 -6.1157 6.0042 
.1456 -6.1658 -6.1658 -6.1342 -6.1342 5.9869 
.8697 -5.2780 -5.2780 -5.5110 -5.5110 5.6416 
.9338 -6.0060 -6.0060 -6.0163 -6.0163 5.9761 
.5835 -6.4481 -6.4461 -6.3221 -6.3221 6.0821 
.5845 -6.4492 -6.4492 -6.3232 -6.3232 6.0628 
.5849 -6.4496 -6.4496 -6.3236 -6.3236 6.0831 
.1302 -5.4667 -5.4667 -5.6463 -5.6463 5.9274 
.1218 -6.1384 -6.1384 -6.1097 -6.1097 6.0343 
.5837 -64484 -6.4484 -6.3224 -6 . 3££4 6.0823 
.5846 -6.4493 -6.4493 -6.3233 -6.3233 6.0829 
.5849 -6.4496 -6.4496 -6.3236 -6.3236 6.0831 


5.724 
5.614 
5 . 904 
5.949 
5 . 95 : 
5. 832 
5. 901 
5.99! 
6 . 01 ! 
6.01' 
5.93! 
6 . 0O« 
6 . 05 
6 . 05 
6 . 05 
5.97 
6.03 
6.05 
6.05 
6. 05 



S 6 2 5 


T *Ctt_C NO. 


EICENVECTOS (2-TRANSLATION ONLY OR DIFFERENT COMBINATION 
OF PLATE THICKNESS AND ANCHOR DIAMETERS 

Kc * £ . 0£* 07 \c.N\^rv>^|pn 

Mesh *izt ® 50*50 
Model type I 


node 


Thickness of piste in saa 



16 




£0 


£4 

£8 

3£ 40 






Anchor di aeter 

in ie 




32 


25 

32 

£5 

32 

25 

in 

cu 

cu 

ro 

32 25 3£ £5 

20 

: 3.6622 

3 

©622 

3 . 779© 

1 . 7595 

. 61 02 

4.8045 

5.3133 

4.9546 -1.3172 -2.8571 -2.8571 

1 9 

I T ©93 

1 

. 1 ©93 

1 .2366 

- . £550 -1 

. 1851 

5 . 2570 

5 597£ 

5.3141 -2.7617 -3.8777 -3.6777 

1 8 

1 - . 3399 


3399 

-.3149 

-1 .4430 -2 

3521 

5 . ©9 82 

5.8768 

5.6697 -3.7720 -4.6114 -4.6114 

17 

■ - . ©563 


©563 

- ©50 1 

-1 .7201 -2 

7212 

5 . 9075 

6.0112 

5.8399 -4.1816 -4.9345 -4.9345 

1 © 

; -.6103 

- 

© 1 03 

- . 6 0 © 4 

-1 .6 964 — £ 

.7516 

5 . 9269 

6 . 0246 

5.6558 -4. £568 -5.005© -5.0056 

15 

1 . 0822 

1 

0822 

1.1491 

- .3546 -1 . 

. 3014 

5.3508 

5 . 6541 

5.3895 -2.8360 -3.9125 -3.9125 

1 4 

j-2 . 0476 ~ 

■2 . 

0476 

-2.0000 

-2 .9602 -3 . 

5451 

5.7483 

5.9018 

5.7017 -4.4111 -4.9431 -4.9431 

13 

-4 . 1 959 - 

■4 . 

1 959 

-4 . 1596 

-4 .7142 -5 

0554 

6 . 1622 

6 . 1 632 

6.0340 -5.4779 -5.6454 -5.6454 

12 

j- 4 . 6 2 02 - 

■4 . 

6202 

-4 . 5904 

-5 . 0732 -5 . 

4012 

6 . 2644 

6 2414 

6.1331 -5.7615 -5.8465 -5.8465 

1 1 

1-4.5964 - 

■4 . 

5964 

-4 5685 

-5 0633 -5 

41 08 

6.2466 

6.2182 

6.1021 -5.7879 -5.6712 -5.8712 


1 0 

5 
© 
7 

6 
5 
4 
3 
£ 
1 


-.5354 -.5354 -.5095 -1.6705 -2 . 5746 
j-4.2708 -4 2708 -4.2339 -4,7963 -5.1334 
-6.9403 -6.9403 -6. 5921 -6. ©57© -6.7579 

-6.9420 -6 9420 -6 . ©953 -©.©600 -6.7607 
-6 . 9426 -6.942© -6.8965 -©.©609 -6.761 8 

-.9688 -.9688 -.9563 -2.0425 -2.9648 
-4 7524 -4 7524 -4.7196 -5.1976 -5.4946 
'-6.9407 -6.9407 -©.©927 -6.8583 -6.7585 
: — 6.9421 -6.9421 -©.5955 -6.8602 -6 76 09 

6 . 9 4 27 -© 9427 -© 8966 -©.8609 -6.761© 


5.8628 
6.2201 
6 . 4944 
© . 494 © 
6 . 4950 
6 . 0741 
6. 3639 
© , 4945 
© . 

© . 


, 4949 
. 4950 


5.9762 5.6019 -3.8967 -4.6577 -4.6577 
6.1982 6.0805 -5.5217 -5.6622 -5.6622 
6.3697 6.2970 -6.5216 -6.2730 -6.2730 

6.3701 6.297© -6.5254 -6 . 27T4 -6.2774 
6.3703 6.2980 -6.526© -6.2790 -6.879C 
6.1098 5.9733 -4.2415 -4.9054 -4.9054 
6.2891 6.1969 -5.7884 -5.8400 -5.840C 
6.3699 6.2972 -6.5224 -6.2740 -6.274C 

6.3702 6.2978 -6.5256 -6.2776 -6 . 277< 

6.3703 6.2981 -6.5269 -6.2791 -6.2791 



TAPIR NO 


3 » 


EIGENVECTORS , ONLT Z" TR AN3LAT I OKS 
ElUtNVECTOS (Z-TRAN5LATION ONLY! fOR 
KC * 4 OE-rOT ^S\\ry)^ jm 

«®*h ©12® « 50X50 

Plodtfl t yp» I 


node Thickness of plate in 

~ 16 20 24 

Anchor d i »*t *r in mm 

_ — 3 g is 32 is 


£0 

7.2005 

7. 2005 

3 7796 

1 . 9337 

1 .9337 

1 9 

3 5233 

3 . 8233 

1 . 2366 

- . 0930 

- . 0930 

I 5 

1 . 6399 

1 6399 

-.3149 

- 1 . 2566 -1 .2566 

1 7 

1 . 00 1 8 

10015 

- . 6501 

-1.5016 -1 .501 6 

1 6 

. 9772 

9772 

- . 6064 

-1 .4668 -1 .4668 

15 

! 3 . 3406 

3.3406 

1.1491 

- . 1 636 

- . 1 ©3© 

1 4 

i - . 6066 

- . 6068 

-2 . 0000 

-2.8225 -2.8225 

13 

j-3 ■ 2952 

-3 . 2962 

-4 . 1 596 

-4.5997 -4.5997 

12 ! 

i-3 ■ 5502 

-3 . 8502 

-4 . 5904 

-4.9543 -4.9543 

1 1 ; 

73 . ©344 

-3 6344 

-4 5685 

-4.9399 -4.9399 

10 : 

. 7697 

. 7897 

-. 5095 

-1 .4737 -1 .4737 

9 : 

-3 . 5452 

-3 . 5452 

-4.2339 

-4 . 6783 -4 . 6783 

6 

-6 . 9460 

-6 . 9460 

-6 . ©921 

-6.8126 -6.8126 

7 

~6 . 9454 

-6 . 9484 

-6 . ©953 

-6.8167 -6.61 67 

6 ■ 

-6 . 9493 

-6 9493 

-6 . 6965 

-6.8162 -6.6182 

5 

. 0285 

0285 

-.9563 

-1 .8288 -1 .8288 

4 i 

-4 . 1805 

~A . 1805 

-4 . 71 96 

-5. 0797 -5.0797 

3 1 

-6 . 9464 

-6 . 9464 

-6 . 8927 

-6.8135 -6.8135 

2 i 

-6 . 9485 

-6 . 9485 

-© 8955 

-6.8170 -6.8170 

1 j 

-6 . 9494 

-6 . 9494 

-6. 8966 

-6.8183 -6.8183 


8631 



COR® 2 NAT I ON 


£8 32 40 

32 is 32 is SI £5 

1.0883 1.0863 .0549 .0549 -1.3276 -1.2060 


- . 7964 - . 7964 -1 . 5930 

-1 . 9792 -1 . 9792 -£ . 6676 
-2.3229 -£ . 3229 -3.0607 
-2.3373 -£.3373 -3.1034 
- . 9063 - .9063 -1 .6999 

-3.2812 -3.2812 -3.7365 
-4.8773 -4.8773 -5.1052 
-5.2308 -5.2306 -5.4345 
-5.2351 -5.2351 -5.4495 

-2.2052 -2.2052 -2.8890 
—4 . 9567 -4 . 9567 -5 . 1 777 
-6.7205 -6.7205 -6.6138 
-6 . 7255 -6 . 7255 -6.6196 
-6 . 7273 -6 . 7273 -6 . 6217 
-2.5934 -2.5934 -3.2604 
-5.3327 -5.3327 -5.5092 
-6.7216 -6.7216 -6.6151 
-6.7258 -6.7258 -6.6199 
-6.7275 -6.7275 -6.6218 


-1 . 5930 -2 . 7393 “2 . 6403 
-2.6676 -3.7277 -3.6592 
-3.0607 -4.1311 -4 . 0723 
-3 . 1 034 -4 . 2083 -4 . 1 447 
-1.6999 -2.8105 -2.7254 
-3.7365 -4.3408 -4.2783 
-5.1062 -5.3784 -5.3525 
-5.4345 -5.6572 -5.6390 
-5 .4495 -5.6846 -5.6559 
-2.8690 -3.8426 -3.6016 
-S . 1 777 -5 .4179 -5.4017 
-6.6136 -6. 3851 -6.3931 
-6.6196 -6.3922 -6.4007 
-6 . 6217 -6 . 3949 -6 . 403C 
-3.2604 -4. 1788 -4. 1582 
-5.5092 -5. 6770 -5.6751 
-6.6151 -6.3867 -6.3941 
-6.6199 -6. 3926 -6.40OJ 
-6.6218 -6.3950 -6.4031 



A) U A 


TABLE NO 


3 T 


Z I 0ENVECT05 < Z-TRAN5LAT ION ONLY. FOR DIFFERENT COMBINATION 
OF PLATE THICKNESS AND ANCHOR DIAMETERS. 

Kc * 2 . OE^oe \<M\rv) X jnn 
Rtih size- ■ 50X50 
R od#l typ^ I 


nod©' Thickness of plate- in 


1 6 


SO 


£4 

28 

32 

40 



Anchor 

<j i b@i #r 

in km 




! 32 

25 

32 £5 

32 

25 

32 £5 

3£ £5 

32 £5 


80 
I 5 
1 © 
1 T 
1 6 
1 5 
1 4 
1 3 
12 
1 1 
1 0 
9 
© 
7 
6 
5 


1 


4.8045 
5 . 2570 
5 . 6982 
5 . SOTS 
5 . 9269 
5.3506 
5 .7463 
6 . 1 622 
6 . 2844 
6 . 2466 
5. ©626 
6.2201 

6 . 4944 

6 . 4948 
6.4950 
6 . 0741 
6 . 3639 

6 . 4945 

6 . 4949 

6 .4950 


4 8865 
1 . 906 1 
- . 0121 
- . 4792 
-.4575 
1 . ©2 1 6 
-1 . 5581 
-3.9256 
-4.4156 
-4.4009 
- . 1 969 
-3 . 9954 
-6 . 7508 
“6 . 7646 
-6 .7698 
“ .7522 
-4.5303 
“6.7535 
“6.7654 
“6 . 770 1 


4.8865 
1 .9061 
“ . 0121 
“.4792 
“ . 4575 
1.8216 
-1 . 5881 
“3. 9256 
“4 . 4156 
-4 . 4 0 0 9 
1969 
“3 9954 
-6 . 7506 
-6 . T646 
“6 . 7698 
“.7522 
“4.5303 
“6 .7535 
“6 . 7654 
-6 . 7701 


1 .9224 
“ . 0804 
“ 1 .2275 
“ 1 .4739 
“ 1 .4435 
“. 1 654 
“ 2.7412 
- 4 . 4740 
- 4.8285 
- 4 .6194 
- 1 . 4304 
“ 4.5437 
- 6 . 6080 
“© . 6258 
“ 6 . 6324 
“ 1 . 7775 
- 4.9343 
“ 6.61 17 
- 6. 6269 
“ 6 . 0329 


1 . 9284 
- . 0804 
“1 . 2275 
“1 . 4739 
“1 . 4435 
-. 1 654 
“2.7412 
~4 . 4740 
-4.8865 
-4 .8194 
-1 . 4304 
“4.5437 
“6 .6080 
“® . 6858 
“6 . 6324 
-I . 7775 
“4.9343 
“6.6117 
-6 . 6269 
“6 . 6329 



5 65 5 


TAILS NO 3 © 


C I CCNVCCT05 tZ-TRANSLA.TIDN ONLT ) F OR D IPTZntm COMBINATION 
or slate thickness and anchor dxaheters . 

Kc * 4 OE + oe Ic. tv \ ^ ^ m 
ne-mr. im » soxso 

nod© 2 typ© i 


nod© Th iC kn©ss of plat© in 


1 6 


80 


24 

£8 

32 

40 



Anchor 

d i »tt ©r 

in aa 




32 

85 

38 £5 

3£ 

25 

38 25 

32 25 

32 25 


£0 

5 . 5650 

1 9 

5.7573 

i e 

5. 9363 

1 T 

6 , 0260 

I 6 

6 . 0352 

1 5 

5.7881 

I 4 

5.9497 

1 3 

6 . 1 £22 

1 £ 

6 . 1 744 

7 1 

6 . 1 592 

I 0 

6 . 0006 

9 , 

6 . 1 450 

8 : 

6 . 257£ 

T 

6 . £576 

8 j 

6 . 2578 

5 

6 . 0891 

4 ; 

6.2051 

3 

6.2573 

£ ! 

6.2577 

1 

6.2578 



566 5 


TAPL C WO 3 ? 


C I SENVCCTOS * Z-TKANSLA? ION ONLY’) FOR DI FPCRENT COP5B I KAT I ON 
or r late thickness anchor diareters 


Kc ® 4 OE+06 
n#®h i i zt ® 
«od»l typ®- I 


Kh 4 \ ry^ 1 rn 
50X50 


nod# Thickness of plat# in n® 


1 6 


20 


24 

28 

32 

40 



Anchor 

di ssete-r 

in sb 




38 

25 

3c £5 

32 

25 

32 25 

32 25 

32 25 


a 0 8.6740 1 

.3256 

IQ - ] .4663 -2 
17 -1 , 9565 -2 
16 -1 . 6833 -£ 
15 - 1 £26 - 

14 -2 .6383 -3 
13 -4. 7293 -5 
12 -5.1406 -5 

11 -4.6546 -5 

1 0 -£ 3440 -c 

9 -5 . 0405 «5 

© -6.905© "6 
7 -69066 -6 

6-69065 -6 

5-3.1 559 -3 
4 -5 6764 -5 
3 '-£ . 9060 -6 
£ -6. 9067 -6 
1-6 9070 -6 


4356 .3962 

. 6308 -1 4 255 

I 507 -2 ©91 © 
.©£36 -3.4256 
.5825 -3.4177 
.6997 -1 . 7395 
.£123 -3 6537 
0124 -5.8440 
.4036 -3. ©881 
. C59 7 *5.4816 
.©693 -3.4845 
8048 -5 . 4583 

6668 -6.7906 

. 667 6 -6.7916 

.6679 -6.T988 

.3827 -4.1368 
.7156 -5.9384 
.8870 -6.7909 
.8877 -6.7919 
.6880 -6.7983 


- 7706 
-2 . 2968 
-3 . 487© 
-3 . 9456 
-3 9762 
-2 ■ 4958 
-4 . 1 784 
-5 . 4762 
-5 . 8039 
-5 . 7484 
-3.8510 
-5 6068 
-6 . 7593 
-6 7603 
-6 .7607 
-4.3410 
-5 . 9807 
-6 .7596 
-6 .7604 
-6 .7608 


-1 . £843 
-2 7306 
-3.9127 
-4 . 4023 
-4 . 4437 
-2 . 9368 
-4 . 3808 
-3.5719 
-3 . ©862 
-5.6164 
—4 . £859 
-5 .7033 
-6 . 6569 
-6 . ©564 
-6 . 6569 
-4 .7905 
-6 . 0652 
-6 . 6574 
-6 . 6566 
-6 .6590 


-£.0709 
-3.3447 
-4 . 3396 
-4 . 7645 
-4 . 6243 
-3 . 4668 
-4 . 7461 
-5 . 7335 
-6 . 0024 
-5 . 9796 
-4 . 554 1 
“5 . 8099 
-6 . ©242 
-8 . ©855 
-6 , ©859 
-4 . 9456 
-6.0913 
-6 . ©£45 
-6 6255 
-6 . 6260 


-£ 5991 -3.230© 
-3 . 6974 -4 . 1742 
-46015 -4.9166 
-4.9992 -5.2480 
-5 . 0497 -5.303© 
-3.8301 -4.2510 
-4 8850 -5. 1 689 
-3 760© -5 . ©74© 
-fe . 0038 -6 . 0755 
-5 . 9678 -6 . 0670 
-4 . 83 £0 -5 . 0434 
-5 6423 -5 . 9203 
-6.5180 -6.4856 
-6.5196 -6 . 4570 
-6.5202 -6.4875 
-5.2077 -5.3301 
-6.1055 -6.1214 
-6.5185 -6.4859 
-6.5198 -6 . 4871 
-6.5203 -6 . 4875 


-3.5538 
“4 . 3660 
-5 . 0381 
-5 . 3433 
-5 . 3884 
-4 . 4523 
-5.2197 
”5 . 8514 
-© . 0335 
-© . 0 1 27 
-5 . 1 ©40 
—5 . 9035 
-© . 3833 
-6 . 3850 
-© . 3856 
-5.4590 
-6 . 0936 
-6.3837 
-6.3851 
-6 . 3857 


-4 . 0347 
-4 .7217 
-5 . £64© 
-5.5129 
-5.5579 
-4 . 7703 
-5.4260 
-5 . 9300 
-6 . 0772 
-© . 0742 
-5 . 3421 
-5 . 9583 
-6.3542 
-© . 335© 
-© . 35© 1 
-5.5494 
-6.1016 
-6.3545 
-6.3557 
-6.3562 


-4. ©314 
-5. 0763 
-5 . 4473 
-5.6211 
-5 . ©500 
-5.U65 
-5 . 5274 
-5 . ©670 
-5 . 9©©5 
-5. 9603 
-5.3128 
-5 . ©90© 
-6 . |423 
-6 . 1 440 
-6 . 1 447 
-5 . 6623 
-5 . 9926 
-6 . 1 427 
-6.1441 
-6 . 1 447 


5.7244 
5.8142 
5 . 9048 
5 . 9492 
5. 9532 
5.8321 
5.9091 
5 . 993 : 
6.0191 
6.01 1! 
5 . 935 ! 
© . ©0 42 
© . 05 © 

© . 058 ! 
© . 05 © 
5.979 
6 . 033 
6 . 058 
6 . 058 
6 . 058 



567 5 


EIGENVECTOR l Z-TRAN 5 LAT I ON ONLY) FOR DIFFERENT COMBINATION 
OF PLATE THICKNESS AND ANCHOR DIAMETERS . 

Kc « 2 OE + 07 
Me&h size * 50 X 50 
Model type II 


node 


Th ickne«« of plate in k « 


1 6 


£0 


£4 


£8 


32 


40 


3£ 

2 0 £ 6740 

4 

) 9 . 3236 

1 

18 ” 1 4663 

- 

17-1 9568 

- 

16-1 8233 

- 

15 - . 1226 

T 

14 “2 6383 

- 1 

13 -4 . 7293 

-4 

1C -5 1406 

-4 

1 , ,_ 4 8546 

— 4 

1 0 -2 3440 

- 

9 5 . 0405 

-4 

© —6 . 9055 

-6 

7 -6,9066 

-6 

6 - 6 . 9069 

-6 

5-3.1 559 

- 

4 -5 , 6764 

— 4 

3 -6 . 9060 

-6 

£ -6 . 9067 

-6 

1 -6 9070 

-6 


85 


6844 
7852 
C6 62 
444 1 
330 1 
6752 
6664 
05 ®!? 
4 9 ®! 
3433 
3369 
1 654 
9429 
7446 
9458 
9254 
7488 
9433 
9447 
9453 


Anchor diieter in »m 


38 25 32 25 32 £5 32 25 32 25 


) .4352 

- . 3774 
- 1 . 9336 
-2 . 334 ® 
- 8 . 3857 

- .7688 
“ 3 . 1 439 
- 4.8818 
—5 . £349 
- 5.1701 
- 2 . 3335 
-5 .0176 
- 6 . 7786 
- 6.7816 
- 6.7827 
- 2.8540 
- 5.4722 
- 6.7794 
- 6.7616 
-6 . 7628 


4.8045 
3 . 2370 
3 . 6962 
3 . 9075 
5 . 9869 
5 . 3306 
5 . 7483 
6 . 1 628 
6 . 2844 
6 . 2466 
5 . 8688 
6 . 2801 

6 .4944 
6 . 4948 
6 . 4950 
6 . 0741 
6 .3639 

6.4945 

6.4949 

6.4950 


. 0932 
- 1 . 8023 
- 2 . ©222 
- 3.2314 
- 3 . £760 
- 1 . 7680 
- 3.7380 
- 3. 1741 
- 5 .3138 
- 5 . 4744 
- 3. 1374 
- 5 . £652 
- 6 . 6668 
- 6 . 6704 
- 6. 6717 
- 3. 6038 
- 5 . 6677 
- 6. 6677 
- 6. 6707 
- 6.6718 


5.3133 
3 . 3978 
3 . 8768 
6.0112 
6 . 0246 
3 . 6341 
5.9018 
6 . 1 632 
6.2414 
6.2182 
5 . 9762 
6 . 1 962 
6.3697 

6 . 3701 
6.3703 
6 . 1 098 
6 .2891 
6.3699 

6.3702 

6.3703 


4 . 9546 
3.3141 
5 . 6697 
5 . 8399 
3 . 8358 
5 . 3893 
5.7017 
6 . 0340 
6.1331 
6.1021 
3.8013 
6 . 0605 
6 . 8970 
6 . £978 
6 . 2980 
5.9733 
6.1969 
6.2972 
6.2976 
6 . 298 ? 


- 1 . 0734 
- 8 . 3626 
- 3 . 6323 
- 4 . 0601 
- 4 . 1273 
- 2 . 6684 
- 4 . 2846 
- 3 . 4236 
- 5.7218 
- 5 . 7275 
-3 . © 1 ?© 
- 5 . 4867 
-6 - 5348 
-6 - 5385 
- 6 . 5403 
-4 . 1964 
- 5.7829 
- 6.5358 
- 6 . 5391 
- 6.5404 


- 2 . 4948 
- 3 .6004 
-4 .4303 
-4 .7931 
-4 . ©555 
- 3 . 6658 
- 4.7772 
-S . 581 8 
-5 . ©069 
- 5.6142 
- 4 . 5402 
- 5 . 620 © 
- 6.2981 
- 6 . 3030 
- 6.3047 
- 4.843 4 
- 5.8379 
- 6.2993 
- 6.3032 
- 6.3048 


- 2.6736 

-3 . 7374 
-4 . 5202 
-4 . 6636 
-4 . 9326 
-3 . 7890 
-4 . 8591 
-5.6134 
-5 . 6278 
-5 . 6428 
-4 . 5980 
-5.6412 
-6 . 2858 
-8 . 2904 
- 6 . £9 £ 1 
- 4.8739 
- 5.6390 
- 6.2869 
- 6.2907 
- 6.2922 



B6B 5 


TAPLC NO 3.11 - 


eisenvectqs 52-translation only) for different combination 
of plate thickness and anchor diameters. 

Kc ■ 4 0E+ 07 Kr4 ]Yy^- )yn 
Mesh size * 50X50 
Mode 1 type 21 


node Thickness of plat# in mm 


1 6 


20 


£4 

28 

32 

40 



Anchor 

diaeter 

in mm 




32 

£5 

32 £5 

32 

25 

32 £5 

32 25 

3£ 85 


£0 

7 . 8376 

7.5903 4.7661 

1 7 

1 4 . 4652 

4.2012 1 5794 

1 Q 

2 35 6 8 

2.0600 - . 035 1 

1 T 

' 2 . 0632 

1 5530 - 4366 

1 6 

2 £709 

16816 - 3267 

1 5 

3 6 1 13 

3.5137 1 7654 

1 4 

- . 3624 

- 4583 -1 6094 

1 3 

-3 0653 

-31670 -4 0207 

1 2 

-3 4818 

-3 ©492 -4 4675 

1 1 

-3 . 2387 

-35110 -4.3125 

1 0 

.8213 

.8160 -.3039 

J 

-3 . 5205 

-3 . 3327 -4 . 1302 

© 

“6 . 9420 

-6 . 3440 -6 5940 

7 

'-6 . 9443 

-6 9463 -6.5881 

0 

-6 . 9451 

-0 9 4 T 2 -6.8393 

5 

- . 0099 

. 0083 -.8133 

4 

—4 . 1 993 

-41906 -4 7103 

3 

-6 9425 

-6 . 9445 -6 . 6956 

£ 

- 6 . 9445 

-6 . 9465 -6 . 6963 

1 

-6 . 9453 

-6 . 9473 -© . 8994 


£.7005 
. 4452 
-. 5668 

- 1 . £741 
-1 . 199 £ 

. £857 

— £ 4864 
-4 . 4667 
-4 . 850! 
-4 . 7525 
-1 . £97! 
-4 . 5679 
-6 . 0225 
-6 . 0267 
— 6 . 8282 
-1 .7717 
-5. 0683 
-6 . 8234 
-6 . 8270 
-6 . 8263 


£ .2 093 
.1157 
-1 .1315 
— 1 .3688 
-1 .3291 
-.0177 
- 2 . 6840 
- 4 .5401 
- 4.9016 
- 4 .6434 
- 1 .4130 
- 4 . 6421 
- 6 .6175 
- 6 . 62! 6 
- 6 . 8231 
- 1 .8128 
- 5. 0771 
- 6.8184 
- 6.8219 
- 6.6232 


1 .5318 
- . 4715 
-1 . 7702 
-2 . 1264 
-2 . 1 044 
-.6168 
-3 . 0600 
-4 . 7632 
-5 . 1493 
-5 .0946 
-2 . 0800 
-4 .8943 
-6 . 7325 
-6 . 7376 
-6 . 7395 
-2.541! 
-5.3233 
-6.7337 
-6.7360 
-6.7356 


1.3173 
- . 6265 
-1 .8721 
-2.2233 
-2.2196 
-.7566 
-3. 1670 
-4 . ©290 
-5. 1896 
-5. 1641 
-2. 1404 
-4 . 9244 
-8 . 7268 
-6.7310 
-6 . 7337 
-2.5663 
-5.3275 
-6.7279 
-6.7322 
-6.7336 


.4914 
-1 . 2746 
-2. 4846 
-2 . 8858 
-2.9076 
-1.4172 
-3.5332 
-5. ©24 0 
-5 . 3706 
-5.3458 
-2 . 7624 
-5.1215 
-6 . 6292 
-6 . 6352 
-6 . 6374 
-3.2015 
-5 . 5005 
-6.6306 
-6 . 6356 
-6 . 6376 


. 2786 
-1 . 4300 
—2 . 5842 
-2.9724 
-3 . 004© 
-1 .5548 
-3 . 6323 
-5.0653 
-5 .4024 
-5.3974 
-2.8239 
-5 . 1 4© 9 
-0 . 6218 
-0 . 02T7 
-6 . 6299 
-3.2301 
-5.5049 
-6.6231 
-6.628! 
-6 . 6300 


-1 . 0672 
-2.5436 
-3.5919 
-4.0140 
-4. 0813 
-2.6425 
-4.2173 
-5.3270 
-5. ©207 
-5 . 6273 
—3.701© 
-3 . 3859 
-6 .4007 
-0 . 4082 
— 6 .4109 
-4 . 1382 
-5 . 6748 
-6.4025 
-6.4086 
-6.4111 


-1 .2060 
-2 . 6403 
-3 . ©592 
-4 . 0723 
-4 . 1447 
-2.7254 
-4.2783 
-5.3525 
-5. 6390 
-5 . 6559 
-3.5016 
-5.4017 
-6 . 3931 

— © . 4003 

— 0 . 4030 
-4 . 1 582 
-5.6759 
-6.3947 
-6 . 4008 
-6.4032 




S 6 9 £ 


CltCNvecTO! ! Z-TKAN3LAT10N OHLT)rOR DirrEKENT COrtBIKATION 
or r L A T C THICKNESS AND ANCHOR DIA«ETE^S. 

Kc * e.OE+08 Vcn \rr(i- 1 rn 
n#sn «siz® * soXso 
root 1 type II 


node Thickness of plate in mm 


1 6 


20 


£4 

£8 

32 

40 



Anchor 

diset&r 

in ■ • 




32 

£5 

32 25 

32 

25 

32 25 

32 £5 

38 85 


20 
1 9 
1 8 
1 7 
1 6 
1 5 
1 4 
1 3 
1 2 
1 1 
1 0 
9 
8 
7 
6 
5 

4 

3 

£ 

1 


4.6045 
5 . £570 
5 . 6682 
5 .6075 
5.9266 
5 . 3508 
5 .7463 
6 . 1 622 
6 . 2844 
6 .2466 
5.8628 
6.2201 

6 . 4944 

6 .4948 
6.4950 
6.0741 
6.3639 

6.4945 

6.4949 

6.4950 


4.8865 
1 . 9061 
- . 0121 
- . 4792 
*-.4575 
1 .8216 
-1 . 5861 
-3.9256 
-4 . 4136 
-4 . 4009 
- . 1 969 
-3 . 9954 
-6 . 7508 
-6 . 7646 
-6.7698 
- .75£2 
-4.5303 
-6.7535 
-6.7654 
-6.7701 


5.0582 
2.0212 
. 0456 
- . 4468 
- . 4234 
1 .9170 
-1 . 5277 
-3.901® 
—4 . 3967 
-4.3698 
1707 
-3.9818 
-6.7507 
-6.7645 
-6.7696 
-.7504 
-4.5306 
-6.7535 
-6.7654 
-6 . 7700 


2.0188 

-.0115 

-i . i ess 

-1 . 4308 
-1 . 3©79 
- . 1 026 
-2 . 6695 
-4 .4531 
-4 . ©0©3 
-4.7799 
-1 .4059 
-4 .5300 
-6.6110 
-6.6286 
-6.6355 
-t .7704 
-4.9338 
-6.6148 
-6.6300 
-6. 6360 


1 . 9224 
- . o©04 
-1 . 2275 
-1 . 4739 
-1 . 4435 
- . 1 854 
-2.7412 
-4 . 4740 
-4 . ©285 
-4.8194 
-1 . 4304 
-4 . 5437 
-6 .6080 
-6 . 6258 
-6 . 6324 
-1 .7775 
-4.9343 
-6.6117 
-6 . 6269 
-6.6329 






m U A. (J ® 4 0! 


S 7 C B 


TABLE NO 313 


C I GENVCCT05 C Z“ TR ANSL AT I ON ONLT' FOR DIFFERENT COMBINATION 
OF PLATE THICKNESS AND ANCHOR DIAMETERS. 

Kc ■ 4 . OE^08 \CA| (m 3 * l^V) 

Mesh size * 5 OX'S 0 
Model type I 


node 

nui 



Thickness of plate in es 





1 6 


£0 £4 

28 

32 

40 

Anchor di»et#r in mm 


32 

25 

38 £5 32 25 

32 25 

3£ 25 

32 £5 


£0 
? 9 
] 6 
) 7 
? 6 
1 5 
1 4 
1 3 
12 
1 1 
1 0 
9 


I 


5.5650 
5.7513 
5.9363 
6 . 026 0 
6. 0352 
5.7861 
5. 9497 
6. 1222 
6 . 1744 
6 . 1592 
6.0006 
6 . 1450 

6 . 2572 

6 . 2576 
8 - 2578 
6 . 0691 
6.2051 

6.2573 

6 . 2577 

6 . 2578 


S7 ! t 


table ho 


t ..„« l ^T!ON ONLfifOK DirFCHENT COnBINATION 

Kc « 4 0E + 06 
ntsh slit « 50X25 
nod# l typ# 1 


"TKITTn^ts of pl&t* tn n® 




- 1 9967 - 1 ■ 9 987 

36 

- 3 5124 -3.5124 

35 

- 4 . 5263 ”4 . 5263 

34 

-4 8386 -4.8386 

33 

-2.6102 -2.6102 

32 

-4.1518 -4.1516 

31 

-5 . 1002 “5 ■ 1802 

30 

-6 4726 -5.4726 

£9 

-3 .1924 -3.1924 

26 

—4 , 7855 -4 . 7855 

27 

-5 . 6443 -5 . 8443 

26 

-6 0778 “6 • 0778 

25 

-3.6999 -3.6999 

£4 

-5.3388 -5.3368 


23 
22 
et 
20 
1 9 
1 8 
1 7 
1 6 
1 5 
1 4 
13 
1 2 
1 1 
1 0 
9 
8 
7 
6 
5 
4 
3 
£ 
1 


- 6.4277 

- 6.5340 - 6.5340 
-4 0905 - 4.0905 
- 5.7235 - 5.7235 
- 6.7124 *"6 7124 
- 6.7126 




S 7 2 i 


table "0 


3 


15 ' 

jr i CCNVCCT05 

0F plate thi 


^-TRANSLATION onlt! for DlfFCRCNT 
CKNES5 AND ANCHOR DIANE. ERS 


COMBINATION 


Kc ■ Z OE + 07 

*12® 

nod® I t yp* I 


\yv>M fvo 

50X25 




TABLE HO 


ei6CMVCCTOS .t-TMWLHlW DNLT )ron comiwtioh 

Vr -0 anoho* »»««« 


Kc » 4 OE + 07 \cr4\rvf 
n#«h six© * 5CXE5 
nod® l t yp® I 


Th l ckntss of pl« tf in B ® 


Ancho r dT »® x e r in a ® 


3 . 6209 
1 . 0255 
- . 5057 
-.8615 
2 3421 
- . 4681 
- 2 . 2573 
- 2 . 7368 
1 . 1606 
- 1 . 9677 
-4 . 1 793 
- 4 .5970 
.2535 
-32966 
- 5.9654 
- 6 .1795 
- .3566 
- 4.1751 
- 6.8952 
- 6.8958 
-.6213 
- 4.5349 
- 6.6972 
- 6.8975 
-.6727 
- 4 . 6040 
- 6.8987 
- 6.6989 

- . 6429 
- 4 . 5896 
- 6 . 8997 
- 6 . 8998 

- . 6229 

- 4.5776 
-6 . 9000 


1.9959 1 

-.£406 - 

-1.5861 “1 

-1 . 9350 “1 
-1 .5123 
-31006 
-3.5007 
.0032 
- 2 7694 
-2 .7694 - 
- 4 . 66 M - 
-5.0322 ~ 
- .7365 
-3.6584 - 
-6.0907 - 
-6.2767 - 
-1 .2281 - 
-4.5865 ' 
-6.8124 ■ 
-6.8132 
-1 .4533 
-4 . 8924 
-6 8146 
-6.8153 
-1 .5089 
-4.9597 
-6.8167 
-6 . 61 69 
-1 .4944 
-4.9545 
-6 .8179 
-6-8180 
-1 .4815 
-4 .9467 


1 .9959 
-.£406 -1 

-1 .5861 -2 
-1 . 9350 *2 
. 9457 - 

-1 .5123 -i 
-3.1 006 “1 
-3.5007 — 
. 0032 
-£.7694 - 
-4.6614 " 

-5.0322 - 
-.7365 - 
-3.8584 “ 
-6.0907 ‘ 
-6.2767 - 
-1 .2281 ■ 
j -4.5865 ■ 
I -6 8124 ■ 
> -6.8132 ■ 

3 -1 ■ 4533 

4 -4.8924 

6 -6.8148 
3 -6.6153 
9 -1 .5089 

7 -4.9597 
7 -6.6167 
9 -6.8169 
,4 -1.4944 
,5 -4.9545 
-9 -6.6179 
j0 -6.6160 
15 -1.4615 
57 -4.9467 


.6766 

-1.1715 -1 
-2.4716 -t 
-2.6361 -2 
-.0250 ■ 

-2.2565 -i 
-3.7230 -: 
-4.1104 — 
- .6441 
-3.3262 - 
-4. 9995 - 
-5.3408 - 
- 1 .5118 - 
-4.2523 - 
-6. 1452 - 
' -6.3111 
-1.9625 
; -4.8773 
1 -6.7144 
> -6.7155 

3 -2.2277 

4 -5.1526 

6 -6.7173 
3 -6.7179 
9 -2.3183 

7 -5.2259 
7 -6.7195 
,9 -6.7196 
14 -2.3333 
,5 -5.2321 
r9 -6.7209 
30 -6.72H 
,5 -2.3314 
67 -5.2£?2 


.8768 - 

-1.1715 -1 
-2.4716 -3 
-2.8361 -3 

-.0250 - 

-2,2565 -i 
-3.7230 -‘ 
-4.1104 -• 
-.6441 - 

-3.3262 - 
-4.9955 - 
-5.3408 - 
-1.5118 - 
-4.2523 - 
-6.1452 - 
-6.3111 
; -1 .9825 

5 -4.6773 
( -6 7144 
3 -6.7155 
7 -2.2277 

6 -5.1526 
3 -6.7173 
9 -6.7179 
3 -2.3163 
9 -5.2259 

5 -6.7195 

6 -6.7196 
[3 -2.3333 
>1 -5.2321 

)9 -6.7209 
II -6.7211 
14 -2.3314 
92 -5.2292 


-.1027 - 

-1 .9638 -1 
-3.2069 -3 
-3.5675 -3 
- 6779 - 

-2.8898 -6 
-4.2180 
-4.5795 - 
-1 .5998 - 
-3.7858 - 

-5.2438 - 
-5.5500 - 
-2.2099 - 
-4.5650 " 
■ -6.1548 - 
-6.3001 - 
; -2.6594 - 

5 -5.0976 ■ 
1 -6.6040 ■ 
; -6.6053 

7 -2.9158 

6 -5.3428 
3 -6.6072 
9 -6.6079 
3 -3.0314 
,9 -5.4162 

15 -6.6098 

16 -6.6101 
53 -3.0666 
> 1 —5 . 4326 
39 -6.6113 
1 1 -6.6116 
14 -3.0753 
92 -5.4332 


-.1027 -1 
-1 .9838 -3 
-3.2069 -4 
-3-5675 "4 
-.6779 —2 
-2.6898 -3 
-4.2180 -4 
-4.5795 -S 
-1 .5998 -l 
-3.7858 -' 
-5.2438 -! 
-5.5500 -' 
-2.2099 - 
-4.5650 - 
-6.1548 - 
-6.3001 
I -2.6594 
i -5.0976 
3 -6.6040 

3 -6.6053 

5 -2.9158 

6 -5.3428 
£ -6.6072 
9 -6.6079 

4 -3.0314 
g -5.4182 
6 -6.6096 

il -6.6101 
56 -3.0666 

36 -5.4326 

13 -6.6113 

16 -6.6116 
53 -3 .0753 
32 -5.4332 


-1 . 6444 -1 
-3. 1659 -3 
-4.1605 -4 
-4.4915 -4 
-2.2514 -2 
-3.8041 -3 

-4.8356 -•< 

-5 . 1 276 -E 
-2.8282 
-4.4361 
-5.4995 — ! 
-5.7335 - 1 
1 -3.3296 - 
I -4.9674 - 
J -6.0817 - 
I -6.1892 * 
4 -3.7145 - 
6 -5.3709 - 
0 -6.3671 - 

3 -6.3687 • 
8 -3.9550 • 
8 -5.5569 
•2 -6.3709 
■9 -6.3718 

4 -4.0826 
j£ -5.6275 
}6 -6.3739 
D1 -6.3743 
86 -4 . 1376 
£6 -5.6481 
13 -6.3757 
16 -6.3760 
53 -4.1524 
; 3£ -5.6522 


-6 .8183 “6 • 61 83 

» ft t O. A 


- - 
-6.72H -6.7214 


5.4332 “=> • „ , -5*7 ti 

-?■ ll 


-1 . 6444 
-3 - 1 659 
-4 . 1605 

-4.4515 
-2.2514 
-3.8041 
-4 . 6356 
- 5 . 1876 
-£ . 8282 
-4.4361 
-5.4855 
, -5.7335 
, -3-3296 
\ -4.8874 
1 -fe.0817 
> -6 .1892 
5 -3.7145 
9 -5.3709 
1 -6.3671 

7 -63667 
0 -3.9550 
9 -5.5569 
>9 -6.3709 

8 -6.3718 
>S -4 . 0826 
fS -5.62*75 

59 -6.3739 
43 -6.3741 
78 -4.1 375 
81 -5.6481 
57 -6.375* 

60 -6.3761 
24 -4 . 1 52- 
182 -5.652 


8745 


EICENVECTOS 1 Z“TR ANSLAT T ON QNLT'rOR D I PFEWENT COMBINATION 
OP PLATE THICKNESS AND ANCHOR DIAMETERS. 

Kc - 2.0E+08 
R»8h 8U@ ■ 50K25 

Model type 3 


node' Thickness of plate in mm 

nu» , 


1 6 


£0 


84 

28 

32 

40 

| 


Anchor 

difttt er 

inn® 




I 3e 
— 

25 

32 25 

3£ 

£5 

32 25 

32 25 

32 25 


36 

35 

3 4 
33 
3? 
3 1 
30 
29 
2 © 
27 
26 
25 

2 A 
£3 
22 
2 1 
20 
T 9 
1 8 
1 7 
1 6 
1 5 

3 4 

1 3 
1 2 
1 1 
1 0 

© 

7 

6 

5 

4 } 

3 

E 

1 


4.3916 
1 . 5039 
-.2134 
- . 5234 
£ . 9998 
- . 0806 
“ 2 . 0265 
- 2.4916 
1.7151 
- 1 . 6499 
- 3. 9486 
- 4.3807 
.6619 
- 3 . 0236 
- 5 . 7897 
- 6.0103 
- . 0565 
- 3 . 9532 
- 6.7592 
- 6.7619 
- . 3927 
- 4.3419 
- 6 . 7676 
- 6.7691 
- . 4778 
- 4 . 4233 
- 6 . 7742 
- 6 . 7750 
- . 4603 
- 4.4119 
- 6 . 7784 
- 6.7788 
- . 4426 
- 4 . 3993 
- 6 . 7798 
- 6 . 7801 


4.3916 
1 . 5039 
-.2134 
-.6234 
2 . 9996 
- . 0806 
— 2 . 0265 
- 2.4916 
1.7151 
- 1 . 6499 
-3 . 9486 
— 4 . 3807 
.6619 
- 3 . 0236 
- 5.7897 
- 6 . 01 03 
-. 0585 
- 3.9532 
- 6.7592 
- 6.7619 
-.3927 
- 4.3419 
- 6.7676 
- 6.7691 
-.4778 
- 4.4233 
- 6.7742 
- 6.7750 
-.4603 
- 4. 411 9 
- 6.7784 
- 6.7788 
-.4426 
- 4.3993 
- 6 . 7798 
- 6.7801 


1 .9694 
-.2260 
-1 .5365 
- 1 .8710 
.9367 
- 1 .4673 
- 3.0109 
- 3 . 3934 
.0127 
- 2.6916 
- 4.5249 
-4 .8799 
-.7134 
- 3.7508 
- 5.9072 
- 6 . 0869 
- 1.1 952 
- 4.4598 
-© . 6072 
“ 6.6109 
-1 .4162 
“ 4.7607 
“ 6.6178 
- 6.6199 
- 1 .4707 
- 4 . 8298 
- 6.6261 
- 6 . 6272 
- 1 .4555 
- 4 . 8263 
- 6.6313 
- 6 . 6320 
- 1 . 4418 
- 4.8186 
- 6 . 6331 
- 6 . 6336 


1 . 9694 
- . 2880 
-1 . 5385 
-1.6710 
. 9387 
-1 . 4673 
-3.0109 
-3 . 3934 
.0127 
-2.691© 
-4.5249 
-4 . ©799 
-.7134 
-3 . 750© 
-5.9072 
-© . 0869 
-1 . 1 952 
-4 . 4598 
-6 .6072 
-6.6109 
-1 .4162 
-4 . 7607 
“6.6178 
-6.6199 
-1 .4707 
-4.8298 
-6.6261 
-6.6272 
-1 . 4555 
-4 . 8263 
-6 . 6313 
-6.6320 
“1 .4418 
“4.818© 
-6 . 6331 
“6 . 6336 



5 75 5 


TABLE WO 3 1 © • - 


C 2 6CNVECT05 < Z - TR A NSL AT I ON ONLT| FOR DIPPERENT CGHS 1 NATION 
Or PLATE THICKNESS AND ANCHOR DIAMETERS. 

Kc - 4.0E+08 V^yvHtvt 
H*«h Six© » 5CKC5 
f!oa«i type I 


nod® 

nui 


Thickness of plate in as 


1 1 6 

1 


£0 


£4 

£8 

32 

40 



Anchor 

diitier 

in mm 




32 

25 

3£ 25 

38 

25 

32 £5 

32 25 

32 25 


36 i 

4.7655 

3$ ' 

5.3146 

34 1 

5.8153 

33 i 

6 0160 

32 

4.9913 

31 1 

5 . 5094 

30 ' 

5 . 9977 

29 ! 

6.1761 

28 ' 

5 . 2308 

27 

5 . 7234 

26 

6 . \ 985 

25 : 

6 .3356 

24 

5 . 4840 

23 ! 

5.9675 

22 : 

6.3935 

21 

6.4533 

20 | 

5.7060 

1 9 

6.1631 

18 

6 . 4955 

17 : 

6 . 4956 

16 ; 

5,8529 

15 

6 . 2635 

1 4 i 

6.4957 

13 i 

6.4958 

12 | 

5.9221 

1 1 ; 

6.2889 

1 0 

6.4959 

9 i 

6.4960 

6 

5. 9369 

7 | 

6.2706 

1 1 

6 ! 

6.4960 

5 i 

6.4961 

A 

5.9333 

3 

6.2497 

£ 

6 . 4961 

1 , 

6.4961 



S 76 t 


EIOENVECTQS f . Z-TRANSL^TION ONLY. FOR DIFFERENT COMBINATION 
OF PLATE THICKNESS AND ANCHOR DIAMETERS . 

Kc * 4 OE * 0 6 ry>T-\rV> 

Bl ze « 50X25 
Mod* 1 t ype II 


node Thickness of plate in mm 

nuR 


1 6 


£0 


£4 

£8 

32 

40 



An chor 

d isseter 

in mm 




3c 

2£ 

32 £5 

3£ 

25 

32 25 

3£ 25 

32 25 


36 

35 

34 
33 
32 
31 
30 
29 
28 
£7 
£6 
£3 
£4 
S3 
22 
SI 
SO 
1 9 
1 8 
1 7 
1 6 
1 3 
1 A 
1 3 
1 £ 
1 1 
1 0 
9 
8 
7 
6 
5 
A 
3 
C 
1 


3 0 6 S 
-7 ©?ec 
-3 6356 
-4 £575 
- 55 £ 1 
-2 7590 
-4 5267 
-5 1025 

- 1 .4095 
“ 3 . 6590 
-3 4690 

-5 5264 

— £ . £3 EC 
-4 3666 
-6 3437 
-6 . 3484 
-£ . 6952 
-5. 24££ 
- 6 7869 
-6 . 7673 
-3 . £564 
-5 . 3594 
-6 . 7876 
-6 7878 
-3 4319 
-5.6157 
-6 7881 
-6 . 7883 
-3 . 4£62 
-5 . 5455 
-6 . 7684 

- 6 . 7685 

-3 . 3993 
-5 , 4730 
-6 7666 

-6 . 7686 


- . 7291 
-£.6138 
-4 . 025E 
—4 . 3093 
- 1 .4768 
-3 . 3768 
-4 . 61 £9 
-3 . £630 
-2.21 19 
-4 . 1 595 
-3 . 6335 
-5 . 99C4 
-2 . 8973 
-4 91 25 
-6.3816 
-6 . 5430 
-3 . 4443 
-5.4624 
-6 . 7559 
-6 . 7562 
-3 . 7770 
-5.7257 
-6 . 7565 
-6 . 7566 
-3. 9231 
-5 . 7929 
-6 . 7569 
-6 . 7570 
-3. 9525 
-5.765© 
-6. 7572 
-6 . 7573 
-3 . 9460 
-3.7312 
-6 . 7573 
-6 . 7574 


- 1 . 4370 
- 3.1141 
- 4 . 4342 
- 4 . 9088 
- 2 . 0947 
-3 7477 
- 3 . 0635 
- 5 . 4932 
- 2 . 7559 
- 4 . 4069 
- 3 . 7276 
- 6 . 0658 
- 3 . 3952 
- 5 . 0733 
- 6 . 341 0 
- 6 . 4908 
- 3.9206 
- 5.5721 
- 6 . 6509 
-6 . 6513 
- 4 . 2456 
- 5.8165 
- 6 . 6517 
- 6 . 651 9 
- 4 . 3974 
- 5. ©779 
- 6 . 6523 
- 6 . 6525 
- 4 . 4271 
- 5.8445 
- 6 . 6527 
- 6 . 6528 
- 4.4195 
- 3 . ©046 
-6 . 8526 
- 6 . © 5 E 9 


- 2 . 3068 
- 3 . 7069 
- 4 . 7572 
- 5.1169 
- 2 . 8649 
- 4 . £523 
- 5 . 2954 
- 5 . 6249 
- 3.4151 
- 4 . 6090 
- 3 . 8332 
- 6.1132 
- 3 . 9315 
- 5 . 3429 
- 6 . 3622 
- 6 . 4771 
- 4 . 3502 
- 5 . 7356 
- 6.6152 
- 6.6156 
- 4.6166 
- 5 . 9303 
- 6.6159 
- 6.6161 
- 4 . 7478 
-5 . 9©89 
- 6.6165 
- 6.6166 
- 4 . 7892 
-5 . 981 0 
- 6 . 616 © 
- 6.6169 
- 4 . 7927 
- 3 . 9626 
- 6.6169 
- 6.6170 


-2.7786 
-4.0001 
-4 . 9625 
-5 . 3097 
-3.2621 
-4 . 4545 
-3 . 4028 
-5.7156 
-3 . 7497 
-4 . 9282 
-3 . 8670 
-6 . 1 098 
-4 . 2232 
-3.4038 
-6 . 2943 
-6.4015 
-4.6162 
-5.7628 
-6.5101 
-6 .51 06 
-4 . ©694 
-3 . 942© 
-6.5110 
-6.5113 
-4 . 9922 
-5 . 9941 
-6.5117 
-6.5118 
-5. 0265 
-5. 87©0 
-6.5121 
-6.5122 
-5 . 0264 
-3 . 9338 
-8 . 31 23 
-6.3124 


- 3.4648 
- 4 .4628 
- 5.2110 
- 5.4702 
- 3 . 8622 
- 4 . 8420 
- 5 . 5779 
- 5.8116 
- 4 . 2567 
- 5 . 2303 
- 5 . 5392 
- 6 . 1 405 
- 4 . 6285 
- 5 .6026 
- 6.3036 
- 6 .3839 
- 4 . 9325 
- 5.8776 
- 6 .4753 
- 6 .4756 
- 5 . 1 303 
- 6.0166 
- 6 .4760 
- 6.4762 
- 5.2325 
- 6.0617 
- 6.4766 
- 6 . 4767 
- 5.2692 
- 6 . 0603 
- 6 .4769 
- 6.4770 
- 5 . 2747 
-© . 0497 
“ 6 . 4770 
- 6 . 477 1 


4.9203 -4.232© 
5.3576 -4.9407 
5.7613 -5 . 4722 
5.9245 -5.6570 
5 . 1 002 —4 .5151 
5.5112 -5 .2062 
5.9044 -5. 7254 
6 . 0493 -5.8910 
5.2919 -4 . 7959 
5.6809 -5.4780 
6.0626 -5.9883 
6.1741 -6.1163 

5.4962 -5.0613 
5.876® -5.738® 
6.2170 -6.2257 
6.2656 -6.2622 
5.6763 -5.2795 
6.0350 -5.9322 
6.2982 -6.3441 
6.2985 -6.3444 
3.7959 -5.4232 
6.1165 -6.0310 
6.2967 -6.344© 
6 . 2966 -6.3450 
5.8525 -5.4993 
6 . 1 372 -6 . 0644 
6.2991 -6.3454 
6.2991 -6.3455 
5.8647 -5.5282 
6 . 1223 -6 . 0651 
6.2993 -6.3455 
6.2993 -6.3458 
5.8617 -5.5332 
6.1031 -6 . 0384 

6 . 2993 -6.3459 

6.2994 -6.3439 


5.4045 

5.7143 

5.6188 

5 . 6227 

5.8198 

5 . 9246 

5.9018 

5 . 9663 

5.4934 

5 . 7595 

5 . 6939 

5 . 8609 

5 . 55^ 

5.9601 

5 . 9622 

5.9971 

5.5886 

5.8060 

5.7773 

5 .9033 

5 . 9668 

5 . 9993 

e . 022© 

6 . 0279 

5 . 6909 

5.8601 

5 . 8750 

5 . 9531 

6. ©428 

6 . 0381 

© . 0673 

6 . 0506 

5.7617 

5.9064 

5.9544 

5. 9935 

6 . 0830 

6.0586 

6 . 0832 

6 . 0587 

5 . 8425 

5 . 9375 

5 . 9957 

6.0146 

6 . 0834 

6 . 058® 

6. 0836 

6 . os:: 9 

5.8717 

5.9526 

6 . 0066 

6 . 0203 

6 . 0638 

6.0590 

6 . 0838 

6 . 0590 

5.8783 

5.9561 

5 . 9994 

6.0167 

6 . 0840 

6 . 0591 

6 . 0840 

6. 0591 

5 . 5770 

5. 9556 

5 . 9908 

6.0125 

6 . 0840 

6 . 0591 

6 . 0841 

© . 0592 



Ill i 


C I CCNVCCT05 t I-TK AN3LAT I ON ONLl) PC* DIFFERENT COMBINATION 
OF FL ATE THICKNESS AND ANCHOR D I AHETER S 

Kc ■ 2.0E+07 VLA\\nH*-Y>* 

R®*h SUt * 5CXE5 
Root l t yp© I I 


nod©j Thickn®^® of plat® in mm 

nui | 



36 

2 

©666 

2.3376 

1 . £446 

4 .7655 

35 

- 

0373 

- . 3639 

-1 . £605 

5.3146 

34 

-2 

2463 -2.3901 

-3.1760 

5.8153 

33 

- 3 

1144 -3.1 670 

-3 . 9268 

6.0160 

32 

1 

7700 

1.3002 

. 3430 

4.9913 

31 

- 1 

£434 - 

1 .5391 

-2 . 231 6 

5 . 5094 

30 

-3 

5393 -3.6543 

-4 . 1 935 

5 . 9977 

29 

-4 

3584 -4.4076 

-4.8815 

6.1761 

28 


7225 

. 3274 

-.5197 

5 . 2306 

27 

-2 

4613 -2.7101 

-3.2249 

5 . 7234 

£6 

— 4 

9057 -4.9790 

-5 . 2620 

6 . 1965 

25 

-5 

5780 -5.5994 

-5.8108 

6.3358 

24 

- 

2042 

-.5082 

-1 . 2962 

5.4840 

23 

-3 

61 97 -3.7906 

-4 1 659 

5 . 9675 

£2 

-6 

1929 -6.2150 

-6 . 2526 

6.3935 

21 

-6 

5044 -6.5040 

-6.5017 

6.4533 

20 

- 

8957 - 

1 . 1274 

-1 . 9041 

5.7060 

1 9 

- 4 

4531 -4.5567 

-4 . 8500 

6 . 1631 

i e 

-6 

8600 -6.8522 

-6 . 7596 

6 .4955 

J 7 

-6 

8607 -6.6528 

-6 . 7604 

6.4956 

1 6 

- 1 

£719 - 

1 . 4768 

-2.2728 

5.8529 

1 5 

-4 

8317 -4 . 9143 

-5.1781 

6.2635 

1 4 

- 6 

8612 -6.8533 

-6 . 761 t 

6.4957 

13 

-6 

8616 -6.8537 

-6 , 7616 

6.4958 

1 2 

- 1 

4130 - 

1 . 6367 

-2.4530 

5 . 9221 

1 1 

-4 

9161 -5.0166 

-5.2742 

6 .2889 

1 0 

-6 

8622 -6.8543 

-6.7622 

6.4959 

9 

-6 

8624 -6.8545 

-6.7625 

6 .4960 

8 

- 1 

4340 - 

1 . 6996 

-2.5227 

5 . 9369 

7 

-4 

8776 -5. 0241 

-5.2697 

6 .2706 

6 

-6 

8627 -6.8546 

-6 . 7630 

6 .4960 

5 

-6 

8629 -6.6550 

-6 . 7632 

6 .4961 

4 

-1 

4306 - 

1 . 7221 

-2.5426 

5 . 9333 

3 ! 

-4 

8346 -5 . 0153 

-5 . 2490 

6.2497 

2 1 

-6 

6629 -6.6550 

-6 . 7632 

6 . 4961 

1 

-6 

8631 -6.8552 

-6 . 7634 

6 . 4961 


-.060? -.3696 4.9603 -1.3656 -£.7900 -£.9891 

-2.2428 -2.4570 5.3576 -3.1569 -4.0431 -4 . 1 769 
-3.6919 -4.0120 5.7613 -4.4627 -4.963T -5 0551 
-4.5267 -4.6045 5.9245 -4.9795 -5.3347 -5.3766 

-.8217 -1.0653 5.1002 -1.9793 -3.2242 -3.3969 

-3.0221 -3.2123 5.5112 -3.7712 -4.4515 -4.5660 

-4.6763 -4.7657 5.9044 -5.0675 -5.3539 -5.4038 

-5.2468 -5.2960 6.0493 -5.5047 -5.6586 -5.6838 

-1.5453 -1.7783 5.2919 -2.5795 -3.6554 -3.8031 

-3.8217 -3.9797 5.6809 -4.3956 -4.8698 -4.9595 

-5.4997 -5.5515 6.0626 -5.6768 -5.7417 -5.7669 

-5.9457 -5.9647 6.1741 -6.0117 -5.9718 -5.9776 

-2.2152 -2.4090 5.4962 -3 . 1 3 1 1 -4.0611 -4.1783 

-4.5810 -4.6893 5.8768 -4.9722 -5.2649 -5.3228 

-6.2577 -6.2679 6.2170 -6.2289 -6.0937 -6.0937 

-6.4574 -6.4529 6.2656 -6.3772 -6.1946 -6.1861 

-2.7592 -2.9188 5.6763 -3.5832 -4.4002 -4.4903 

-5.1400 -5.2063 6.0350 -5.3953 -5.5602 -5.5918 

-6.6439 -6.6309 6.2982 -6.5077 -6.2722 -6.2585 

-6.6449 -6.6318 6.2985 -6.5087 -6.2734 -6.2597 

-3,1128 -3.2571 5.7959 -3.6924 -4.6366 -4.7101 

-5.4206 -5.4695 6.1165 -5.6169 -5.7166 -5.7374 

-6 6457 -6.6326 6.2987 -6.5096 -6.2744 -6.2606 

-6.6463 -6.6331 6.2988 -6.5102 -6.2752 -6.2613 

-3.3082 -3.4578 5.8525 -4.0826 -4.7821 -4.8501 

-5 5169 -5.5706 6.1372 -5.7080 -5.7843 -5.8016 

-6.6471 -6.6339 6.2991 -6.5111 -6.2762 -6.2623 

-6.6474 -6.6342 6.2991 -6.5114 -6.2766 -6.2627 

-3.4004 -3.5661 5.8647 -4.1683 -4.6598 -4.9294 

-5 5299 -5.6021 6.1223 -5.7404 -5.8045 -5.8270 

-6.6479 -6.6347 6.2993 -6.5120 -6.2773 -6.2633 

-6.6462 -6.6349 6.2993 -6.5122 -6.2776 -6.2636 

-3 4304 -3.6062 5.6617 -4.2268 -4.8861 -4.9560 

-5.5212 -5.6075 6.1051 -5.7474 -5.8063 -5.8334 

-6 6482 -6.6350 6.2993 -6.5123 -6.2777 -6.2637 

-6.6484 -6.6352 6.2994 -6.5125 -6.2779 -6.2639 



8 78 S 


CISCNVECT05 «' Z~ TR ANSLA T I ON ONLT^FOR DIFFERENT COMBINATION 
OF PLATE THICKNESS AND ANCHOR DIAMETERS . 

Kc * 4.0E+07 KM\ry^^ YY) 

Meih ®li* ■ 50*25 
Mod# 1 type II 




Anchor ditstter in ss 


3£ £5 3£ £5 32 £5 32 £5 38 85 38 85 


36 

4.5176 

£.7388 1 . 9959 

35 

1 5580 

.££36 -.2406 

34 

- . 3221 

-1 .3865 -1 .5861 

33 

- . 82 6 1 

-1 . 8456 -1 . 9350 

32 

3 . 11 51 

1.5879 .9457 

31 

- . 0263 

-1.1 060 -1 .5123 

30 

-2 . 1 456 

-2.9451 -3.1006 

29 

“2 6973 

-3.4404 -3.5007 

26 

1 . 6077 

.5249 .0032 

27 

- 1 .6153 

-2.4367 -2.7694 

26 

-4 . 0607 

“4 . 5635 -4.6614 

23 

-4.3611 

-3 . 0069 -5 . 0322 

24 

. 7074 

-.3552 -.7363 

23 

-3 . 0303 

-3.6395 -3.8564 

22 

-3.9317 

-6.0616 -6.0907 

21 

-6.1801 

-6.2784 -6.2767 

£0 

-. 0569 

9604 -1 .££8! 

1 9 

-4. 0335 

-4.4609 -4.5865 

1 8 

-6.6996 

-6.8229 -6.8124 

1 7 

-6.9003 

-6.8238 -6.6132 

1 8 

-.4002 

-1.2403 -1 . 4533 

1 3 

| -4.4334 

-4.8Q4T -4.6924 

1 4 j 

-69016 

-6.6254 -6.6146 

13 ; 

-6.9019 

-6.8259 -6.8153 

12 

- . 4494 

-1 . 2933 -1 . 5089 

1 1 

-4 . 4766 

-4.8583 -4.9597 

1 0 

-6 . 9031 

-6.8273 -6.8167 

9 

-6 . 9033 

-6.8276 -6.8169 

8 

- . 3725 

-1 . 2455 -1 .4944 

7 

- 4 . 3869 

- 4.8043 - 4.9545 

6 

- 6 . 9040 

- 6.8285 - 6.8179 

5 

- 6 . 9042 

- 6.8267 - 6.8180 

4 

- . 3202 

- 1.2103 - 1 .4815 

3 

- 4.3172 

- 4.7592 - 4.9467 

2 

- 6 . 9044 

- 8.8289 - 6.8183 

1 . 

- 6 . 9045 

- 6.8291 - 6.6184 


1.4817 .8766 .3179 .1130 -1.3596 -1.5001 

-.8108 -1.1715 -1.6663 -1.8321 -2.9647 -3.0639 

-2.2971 -2.4716 -3.0542 -3.1293 -4.0738 -4.1263 

-2.7414 -8.636! -3.4754 -3.5801 -4.4267 -4.4586 

.4446 -.0250 -.5116 -.6903 -1.9973 -£.1227 

-1.9402 -2.2565 -2.6330 -£.7580 -3.6302 -3.7159 

-3.5893 -3.7230 -4.1028 -4.1588 -4 . 7558 -4.7966 

-4.0486 -4.1104 -4.5213 -4.5496 -5.0693 -5.1081 

-.4576 -.8441 -1.2914 -1.4419 -£.6094 -2.7175 

-3.0680 -3.3262 -3.5773 -3 . 6768 -4.2960 -4.3651 

-4.9188 -4.9995 “5.1772 -5.2096 -5.4583 -5.4766 

-5.3160 -5.3408 -5.5283 -5.5389 -5.7228 -5.7280 

-1.2161 -1.5118 -1.9659 -2.0832 -3.1334 -3.2405 

-4.0802 -4.2523 “4.4261 -4.4939 -4.8949 -4.9406 

-6.1250 -6.1452 -6.1415 -6.1480 -6.0785 “8.0801 

-6.3152 -6. 3111 -6.3065 -6.3035 -6.1995 -6.1944 

-1.7597 -1.9625 -2.4695 -2.5627 -3.57*5 -3.6449 

-4.7770 -4.8773 -5.0168 -5.0564 -5.3185 -5.3445 

-6.7286 -6.7144 -6.6205 -6.6126 -6.3849 -6.3762 

-6. 7297 -6.7155 “6.6219 -6.6139 -6.3866 -6.3778 

-2.0393 -2.2277 -2.7526 “2.6331 -3.8390 “3.8967 

-5.0819 -5.1526 “5 2669 -5.3146 -5.5253 -5.5421 

-6.7315 -6.7173 -6.6239 -6.6159 -6.3689 -6.3801 

-6.7322 -6.7179 -6.6247 -6.6166 -6.3899 -6.3810 

-2.1259 -2.3183 “2.8670 -2.9464 -3.9711 -4.0267 

-5.1467 -5.2259 -5.3578 -5.3879 -5.5942 -5.6109 

-6.7338 -6.7195 -6.6265 -6.6185 -6.3920 -6.3831 

-6.7342 -6.7198 -6.6270 -6.6189 -6.3926 -6.3836 

-2 .1164 -2.3333 -2.8877 -2.9775 -4.0201 -4.0788 

-3.1198 -5.2321 -5.3493 -5.3908 -5.6036 -5.6259 

-6.7353 -6.7209 -6.6282 -6.6201 -6.3940 -6.3850 

-6.7355 -6.7211 -6.6285 -6.6203 -6.3943 -6.3853 

-2.0987 -2.3314 -2.8834 -2.9788 -4.0296 -4.0909 

-5.0914 -5.2292 -5.3322 -5.3825 -5.5963 “5.6253 

-6 . 7338 -6.7214 “6.6287 -6.6206 -6.3946 -6.3857 

-6.7360 -6.7215 -6.6290 -6.6208 -6.3949 -6.3859 
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E 1 CCNVCC TOC * I~T« ANSLAT I ON ONLT;FQK DIFFERENT COMBINATION 
OF FLATS THICKNESS AND ANCMO R DIAMETERS. 

Kc » 2. OE + 07 
«#«n im * boxes 
noa*i t ype II 


node] ~ Thickness of pier® in mm 

nutt ! 


: i e 


20 


24 

28 

32 

40 



Anchor 

d i set ®r 

in bk 




32 

25 

32 25 

32 

25 

32 £5 

32 £5 

32 25 


36 

33 

34 
33 


32 

31 

30 

29 

20 

ST 


eg : 
25 * 


^ I 

23 j 
£2 ! 
£1 ! 
£ 0 | 
1 3 | 
18 ' 
1 1 j 
) 6 ; 
15 1 
1 4 
13 


1 2 
! 1 | 
1 0 ■ 
9 I 
8 ; 
7 5 
6 ; 
5 ! 


4 


3 

2 

1 


I 0 . 6600 
4 . 7786 
. 7304 
- . 6640 
8 . 7835 
2 . T97 6 
-1 . E03E 
“2 . 59T2 
6 . 9636 
. 7T30 
-3 . 3455 
-4 . 5531 
5 . 3878 
-1 . 03 6 9 
-5 . 54 3£ 
-6 . 1375 
4.1964 
-2.2991 
“6 . 7904 
“6 . 7931 
3.4887 
“£.8677 
“6.7954 
“6 . 7971 
3.1210 
“3. 0512 
-6.7994 
“6.8005 
£ . 9494 
-3. 1334 
-6.8021 
-6 . 8029 
2 . 8927 
-3. 1794 
-6.8030 
-6 . 8037 


1 0 . 9200 
4 , 9385 
.8093 
- . 6367 
6.9715 
2.9215 
-1 . 1 485 
“2 . 5666 
7.0951 

g 569 

-3.3133 
-4.5374 
5 . 4569 
-.9917 
-5.5297 
-6 . 1 307 
4.2026 
-2.2879 
-6.7862 
-6.7888 
3.4362 
-2.8819 
-6.7912 
-6.7926 
3.0160 
-3.0887 
-6.7952 
“6.7963 
£.8039 
“3.1963 
“6.7979 
“6.7987 
£.7301 
“3.2560 
“6.7988 
-6.7995 


6 .7363 
E . 6247 
- . ES26 
“1 . 3546 
5 . 1 732 
7 501 
“2.0117 
“3 . 1 099 
3 . 6786 
-.7211 
-3 . 6920 
-4 .8474 
£.3616 
-£.£433 
-5.7647 
“6.2340 
1 .3288 
-3.3321 
-6 .7967 
-6 .7998 
.6758 
-3.8513 
-6 .8029 
-6.8048 
.3065 
-4.0423 
-6.8078 
-6.8090 
.1191 
-4. 1346 
-6 .811 0 
-6.8119 
. 0561 
-4. 1808 
-6.8122 
-6.8129 


6.6011 
2 . 5624 
-.2913 
-1 . 3763 
5 . 0463 
. 9030 
-2.0199 
-3 , 1041 
3.5612 
“ . 7706 
-3. 8977 
-4. 8435 
2. 2523 
-2.2833 
-5.7669 
-6.2324 
1 .2225 
-3.3662 
-6.7969 
-6 . 8000 
.5638 
-3. 8868 
-6.8031 
-6.8050 
.1810 
-4 . 0875 
-6 . 8081 
-6.8093 
-.0221 
-4. 1961 
-6.8114 
-6.8122 
- .*0939 
-4.2539 
-6.8125 
-6.8132 


4.5086 
1 . 2731 
-1,0116 
-1 . 9289 
3 . 1 980 
-.1719 
“2.5916 
-3 . 4983 
1 . 9656 
-I . 6201 
-4.2673 
-5. 0500 
.9091 
-2.9271 
-5.8601 
-6.2616 
. 1282 
-3.8508 
-6.7428 
-6.7464 
-.3043 
“4.2783 
“6.7500 
“6.7522 
-.5058 
-4.4210 
-6.7558 
-6.7572 
-.5987 
-4.4813 
-6.7595 
-6.7605 
-.6378 
-4.5123 
-6 . 7608 
-6.7616 


4 . 3953 
1 .2110 
-1 . 0299 
-1 . 9318 
3 . 0979 
- . £266 
-2 . 6069 
-3 .5002 
1 .8815 
-I . 6654 
-4 . 2773 
-5.0502 
.©446 
-2 . 9584 
-5.8834 
-6.2608 
.0822 
-3.8699 
-6.7421 
-6.7456 
- .3369 
-4.2926 
-6.7493 
-6.7515 
-.5396 
-4.4387 
-6.7551 
-6.7564 
-.6390 
-4.5069 
-6.7588 
-6.7597 
-.6832 
-4.5476 
-6.7602 
-6.7609 


£.2180 
- . 3856 
-2.2709 
-3. 0412 
1 . £252 
-1 . 5088 
-3 . 3007 
-4 . 2291 
. 3068 
-2. 6360 
-4 . 78T1 
-5.3840 
-.4599 
-3. 6483 
-5.9702 
-6.2554 
-1 . 0202 
-4.3618 
-6.5871 
-6.5919 
-1 .3456 
-4.7017 
-6.5963 
-6.5992 
-1 .5210 
-4.8247 
-6.6036 
-6.6054 
-1 . 6219 
-4.6777 
-6.6083 
-6.6095 
-1 . 6684 
-4.9015 
-6.6100 
-6.6110 


2. 1439 
“ . 4297 
-2 . 2©84 
-3 . 0464 
1 . 1 598 
- 1 . 5469 
-3.5149 
-4 . 2337 
. 2527 
-£ . 6698 
-4.7500 
-5.3854 
-.5000 
-3.6708 
-5.9723 
-6.2543 
-1 . 0490 
-4.3746 
-6.5852 
-6.5899 
-1 .3695 
-4.71 10 
-6.5944 
-6.5972 
-1 .5465 
-4.8359 
-6.6016 
-6.6034 
-t . 6524 
-4.8948 
-6.6063 
-6.6075 
-1 . 7022 
-4.9230 
-6 . 6060 
-6. 6090 
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E I CENVCCT05 (2-TRANSLATION ONLY} rOR DIFFERENT COMBINATION 
OF PLATE TMICKNESS AND ANCHOR DIAMETERS. 

Kc * 4 . 0E + 06 
Mesh *1 If * S0X£5 
Model Typf II 


node’ Thickness of plate in im 

nu« ; 


1 6 


20 


24 

28 

32 

40 



Anchor 

d ifttt ®r 

in •• 




3£ 

25 

32 25 

32 

25 

32 25 

32 25 

32 25 


36 
35 
34 
33 
32 
3 1 
30 
29 
28 
2 7 
26 
25 
24 
E3 
£2 
£ 1 
20 
1 9 
1 8 
I 7 
7 6 

7 5 
I 4 
1 3 
1 2 
1 7 
1 0 

3 
8 
7 
6 
5 

4 
3 
2 
7 


4 .7655 
5.3146 
5.6153 
6.0160 
4.6513 
5.5094 
5 . 99 77 
6 . 1761 
5.2308 
5 . 7234 
6 . 1965 
6 . 335© 
3 . 4640 
5 . 9 6 T 5 
6 . 3933 
6 . 4333 
5 . 7060 
6.1631 
6 . 4955 
6 . 4956 
3 . 8529 
6 . £635 

6 . 4957 

6 . 4958 
5. 92 27 
6 . 2889 

6 . 4959 

6 . 4960 
5.9369 
6 . £706 

6 . 4960 

6 . 496 1 
5 . 9333 
6 . £497 

6 . 4961 

6 . 4961 
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TAILS 2 . »* 


FREQUENCY OF THE EMBEDDED PLATE ASSEMBLY FOR MODEL TYPE I 
AND ANCHOR DIAMETER 32 mm 


Thick newt ' 
of The 


Frequency ( Ya<d ./sec ) 


plate 

(mm) „ 


Bate stiffness ( kn/e z /m ) 



4k 1 0 t 

2x10* 4x10* 2x10 s 

4x1 0 & 

Mesh size (»««) 



5 0 k5 0 

5 0x25 

50x50 

50x25 

50x50 

50x25 

50x50 

50x£5 

50x50 

50x25 

i 

16 | 

( £180 

A 

41 34 

A 

5496 

A 

B 

A 

B 

A 

| 

20 

£296 

£261 

4323 

B 

5794 

5731 

B 

B 

B 

B 

£4 

. £362 

231 7 

4598 

4571 

6062 

6002 

B 

B 

B 

B 

£6 

£391 

£337 

B 

B 

6300 

6235 

B 

B 

B 

B 

32 

i 2397 

i 

2048 

£076 

2084 

6498 

64££ 

12470 

12410 

B 

B 

40 

| £048 

£058 

5013 

4935 

6761 

6659 

13070 

13010 

B 

B 

50 

1 

\ 








18120 

17940 

60 









1 8670 

18460 

eo 









19180 

18880 

NOTE - 

A • R ■ 

d body mode 

was found . 







B Nc convergence took place . 
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TABLE 3 C5 


FREQUENCY OF THE EMBEDDED PLATE ASSEMBLY FOR MODEL TYPE II 
AND ANCHOR DIAMETER 3£ mm . 


Thick nt«* F rtqutncy ( Y^<=5 /*»c > 

of tht 


plate 
( mm ) 


las® 

stiffness (kn/» z /a) 



4x 1 0 ^ 

Ex 1 0 ^ 

4x10^ £ x 1 0 & 

4x 1 0 & 



Mesh 

size (ibi) 



j 50x50 50x25 50x50 50x25 50x50 50x25 50x50 50x25 50x50 50x25 


1 6 

L 

[ £590 

A 

4E51 

A 

5543 

A 

B 

A 

B 

A 

20 

\ 2620 

2799 

B 

3920 

5853 

5822 

B 

B 

B 

B 

24 

[ £9 66 

2942 

481 1 

4188 

6164 

6124 

B 

9486 

B 

B 

28 

j 3050 

3020 

5015 

4394 

6446 

6384 

B 

9977 

B 

B 

32 

i 3089 

3054 

£076 

2084 

6665 

6594 

12510 

1 038 0 

B 

B 

40 

I 3051 

3050 

5325 

4706 

6959 

6865 

13130 

t 1 060 

B 

B 


18160 17980 
18720 18510 
19240 18940 


NOTE - A Rigid body mo de was found . 

B No convergence took place . 
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TABLE 3 £6 ” 


FREQUENCY OF THE EMBEDDED PLATE ASSEMBLY FOR MODEL TYPE I 
AND ANCHOR DIAMETER 25 mm . 


Thick n**« Frequency ( Yad /st c) 

of T ht j 


plat* 

{ mm > 




Base 

it i f f n®»* ( kn/® 2 -/® ) 




j 

4 x 1 0 

i 

2x1 

0 7 

4x1 

0*7- 

2 x 

iT^ 

4x10 s *- 





H#®h 

size ( ) 






5 0x50 

50x25 

50x50 

50x25 

50x50 

50x25 

50x50 

50x25 

50x50 

50x25 

1 6 

£180 

A 

4 1 34 

A 

5496 

A 

B 

A 

B 

A 

£0 

££96 

£261 

4363 

B 

B 

B 

B 

B 

B 

B 

24 

, £36 2 

£317 

1501 

4571 

6062 

6002 

1 501 

B 

B 

1507 

£8 

! £391 

£337 

1 501 

1507 

6300 

6235 

B 

B 

B 

B 

32 

; 2397 

1 497 

4888 

4838 

6 498 

6422 

1 2470 

1241 0 

1490 

B 

40 

, 1 459 

1 466 

5013 

4935 

6662 

6659 

1 3070 

13010 

B 

B 


50 18120 17940 

fe0 18670 18460 

0O 19180 18880 

NOTE - A : Rigid body oode w&s found . 

B No convtrgtnct took p 1 see . 
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TABLE 3 . C 7 


FREQUENCY OF THE EMBEDDED PLATE ASSEMBLY FOR MODEL TYPE II 
AND ANCHOR DIAMETER £5 as . 


Thlckn#** 




Frtqutncy ( 

Ycid /®#c ) 




of th* 











plat* 




B&s* 

*t i f f nes* (kn/* 1 /#) 




!kb) 












Ax 1 0 h 

£ x 

10? 

4 x 

1 C 7- 

2x 1 0 a 

4x 1 OS 

I 




M@ssh 

SUf ( USM ) 






; 50x50 

50x25 

50x50 

50x25 

50x50 

50x25 

50x50 

50x25 

50x50 

50x25 

1 6 

| 2421 

A 

41 98 

A 

5522 

A 

B 

A 

B 

A 

£0 

> 2593 

2569 

8 

3823 

B 

B 

B 

B 

B 

B 

£4 

. 2699 

2667 

1501 

1507 

6126 

6066 

1501 

9474 

9269 

B 

£8 

. 2753 

£715 

1501 

4252 

6375 

631 2 

B 

9958 

B 

B 

32 

. 2774 

2730 

5030 

4388 

6583 

651 0 

12490 

1 0350 

1490 

B 

40 

. 1459 

1 466 

5173 

4528 

6862 

6764 

13100 

1 1020 

B 

B 

50 









18140 

17960 

60 









16700 

18490 

80 









19210 

18910 


NOTE • - A Rigid body saodf? was found 
B No conv*rgtnct took pi@c@ 



CHAPTER 4 


SUMMARY AND CONCLUSIONS 


4.1 SUMMARY : - 


FitlHnFlflefJ piste -anchor assembly is very common in modern 
civil engineering constructions where it may be subjected to 
static and dynamic loads arising due to dead load .machine 
vibrations, seismic inertias ,and fluid dynamic forces or 

combination thereof . 

The need of conducting a free vibration analysis is 
described in section 1.1. The f r ee - v i brat i on analysis of any 
system is an essential first step towards obtaining its solution 
for the forced vibration analysis . 

Section 1.2 discusses about the embedded plate-anchor 
system . The plate-anchor assembly consists of a steel plate 
embedded in concrete base and attached to the base with anchors at 
certain locations ,as shown in Fig. 1.1 . 

A brief literature survey is given in section 1.3 .Though 
no work has been found to deal with problem directly , but provides 
certain background to it .Section 1.4 gives outlines of the object 
and scope of the investigation . 
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Chapter 2 deala w.th the development of the plate -anchor 
assembly model and the method of analysis .The assumptions made on 
the behaviour of the plate . the anchor ,and the concrete base are 
given in section 2.1 .Different components are discussed 
separately . Section 2.2 discusses about. the different models and 
the one which is chosen for the present study with the assumptions 
made . 


The finite element technique as employed in the present 
work using SAP IV computer programme , is discussed in section 
2. 6. An ideal i zed f lnite element model was prepared for the 
plate-anchor assembly . Symmetry was exploited in the free 
vibration analysis of the system ,to reduce the problem 
size .Determinant search technique was used in the computation of 
fundamental frequencies and eigenvectors . 

An iterative scheme for determination of fundamental mode 
and frequency has been discussed in section 2.? . Iterative 
schemes are i 1 1 us tarated in Fig. 2. 5 and Fig. 2. 6 for the two models 
adopted .The cn terien for selecting various values of plate 
thickness, anchor diameters and base stiffness are discussed in 
section 2 .& . 

The results obtained by finite element technique using 
SAP IV programme are presented through graphs and tables in 
chapter }. A total of 240 cases were studied and results are 
discussed in this chapter in length . 



4.2. CONCLUSIONS : 
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Based on the results obtained following conclusions are 
made regarding free vibration of the plate -anchor assembly 
embedded in concrete : 

1> free vibration characteristics .generally .depend oh the 

parametric combination of plate thickness .anchor diame- 
ters .and concrete base stiffness . 

2> The magnitude of plate-assembly frequency has been found 

to be influenced by the idealised value of the concrete 

base stiffness .Generally .the frequency increased by 

about 3-5 times when the base stiffness value was 

6 2 

increased by about 50 times <i.e. from 4x10 KN/m /m 

8 Z 

{flexible base) to 2x10 KN/m /m (moderately rigid base}. 

3> Refinement of finite element mesh in the analysis of 

plate assembly has marginal effect on the plate frequency 
when the anchor is consiered inactive in compression 
But. when the plat e-assembl y is modelled considering the 
anchor to be ctive both in tension and in compression 
.frequency decreased to relatively lower values due to 
mesh refinement specially for the idealised 

moderately flexible base and moderately rigid base . 

4> For the anchor sizes considered in this study, the 

idealised anchor-stiffness has got i ns i gn i f i cant ly small 
influence over the frequency of the plate-assembly .This 
is specifically true in case of embedded plate showing 
mode-shape pattern having base-contact over most of the 
plate area . Otherwi se , frequency value decreases 
appreciably when the complete plate gets 1 i f t e-up (no 
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base contact ) on lowering the anchor size . 

5 > For relatively high values of base-stiffness, (moderately 

rigid to rigid base ) finite element analysis did not show 
convergence up to plate thickness of 40 mm. This trend 
was reversed when the plate thicness was increased beyond 

K 

40 mm. giving converged final frequencies and 
cor respond i ng mode shapes .This clearly indicates that 
the idealisation of base-stiffness plays an important 
role in the f ree - v i brat i on study of the plate-assembly . 

6> Frequncy of p 1 at e -assemb 1 y increases with the increase of 

the plate thickness .This trend is distinctly observed 
when the mode shape pattern has base-contact over most of 
the plate area .Revese trend is true for cases with plate 
lift-off (no base contact >. 

4.3. FURTHER SCOPE OF WORK : - 

It has been thought that the following studies can be 
undertaken as extension of the present i nves t i gat i on : 

1 > Free-v i brat i on study of embedded plate assembly for 

determination of higher modal frequencies and 
cor r espond i ng mode shapes . 

2> Classical solutions for f re e -v i brat i on problems of such 

plates (see Appendix A ) for comparisons with the 
approximate numerical solutions (e.g. finite element 


techn i que ) 



APPENDIX 


A 


The typical embedded plate-anchor assembly as illustrated 
in Fig. 2.2 can be idealized as given in Fig. A 1.1 for the 
possible classical solution . Now the idealised model as given in 
Fig. A 1.1 can be v i ewd as a plate resulting due to the 

super l mpos l t i on of two cases as illustrated in Fig. A 1.2. Proper 

£ 

care must be exercised rgarding the continuity, compat i b i 1 i ty , and 
boundary conditions of the problem while obtaining the final 
solutions through super impos i t i on . 


A 1.1 SOLUTION METHOD [153 FOR CASE -I : (See Figs. A 1.2 and A 1.3) 


As solved by Gorman [153 pages 301-302 the governing 


differential equation is 
a 4 W(x, y , t) a 4 W(x,y, t) 

7 + 2 


a 4 W(x,y,t> p a 2 W(x,y,t> 


ax 


2 2 
ax dy 


dy 


at 


W ( x , y , t ) 


( A1 > 


Expressing W(x,y,t> as the product of two functions as 

W(x,y,t> = W ( x , y > x T(t> - -- -- -- -- -- -- - <A2> 

and on solving , circular frequency co' is given as 

1 z 

a/ o> + K/p ________ _ _____ < A3 ) 

where o>' is a parameter appearing in eigenvalue formulation 


According to Gorman [153 support given to rectangular plates by 
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homogeneous linear elastic foundation will in no way affect the 
eigenvalues or the mode shapes .however the frequencies will be 
changed . Therefore the solution of the plate anchor assembly can 
be obtained from the solution of the plate resting on six point 
support with modified co as discussed later . 

A 1.2 SOLUTION METHOD [153 FOR CASE II : (See Figs A 1.2 and A 1.4) 

Because of the symmetry only one quarter of the plate 
needs to be considered as shown in Fig. A 1.4. The pair of circles 
indicate that along these edges the plate has zero vertical edge 
reaction and that the slope of the plate taken normal to these 
edges is equal to zero . 

The solution regarding mode shapes for above first three 
building blocks are obtained as described in Gorman [153 pages 
260-268 . The solution regarding mode shape for fourth building 
block can be obtained as per the method given in pages 241-245 in 
the same book with certain modifications due to the locations of 
anchors as per the present case . 

After obtaining the solution for above building blocks 
the mode shape of the system can be written in the form based on 
the fact that the mode shape remains the same after 

super impos i t l on of case I and case II . 

W< x , y > = W1 ( x , y ) + W2 <x , y > + W5(x,y) + W41 < x , y > + W42 ( x , y > 

------ ( A4 ) 

Eigenvalue of the system can be obtained by imposing the 
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boundary and continuity conditions .In addition to continuity of 
d 1 spiacement , s 1 ope , and bending moment the condition that the 
verticl edge reaction along the boundary of two segments just 
balances the applied force . 


The solutions of the building blocks of second case are 
based on the following differential equation 


#^W(x,y) ( x , y ) 


&x 


£ H 
Sx Sy 


d W ( x « y ) 




p d W( x , y ) 


D 


a t‘ 


2 p W(x,y> --------- 

W ~D 

2 

Where, to ,when the plate is 

foundation and on point supports 
2 1 d 2 T<t> _ K 

“ ‘ " T(t> dt 2 " P 

and W(x,y,t) = W(x,y> . T(t> 

2 2 

Eigenvalue X = w a 4 p/D 


____________ (A?) 

considered resting on elastic 
is given by 

_____________ (A6) 

_____________ -<a7> 

_____________ <A8) 


To start with all the concrete springs are considered to 

act . Also it is assumed that anchors act as rigid point support. 

2 

From the eigenvalue 'X ’ ,o> is calculated from (A8) and circular 
frequency of the system u>' is calculated from the equation 
< A2 ) .mode shape is obtained from equation <A4> . This equation of 
the mode shape is a function of X and Y co-ordinates. By selecting 
a grid of points the lift-off or compression of the plate can be 


determi ned . 
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Now using the finite difference method the differential 
equation as given by equation (A5> can be solved for the mode 
shape and fundamental frequeny of the system satisfying the 
lift-off condition of the plate <i.e. no contact region of the 
plate). The procedure is repeated till ail the active concrete 
springs come under compression. 
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FIG. A 14- 


building BLOCKS FOR ANALYSING THE FULLY SYMMETRIC MODES OF 
RECTANGULAR PLATE WITH SYMMETRICALLY DISTRIBUTED POINT 
SUPPORT ON THE LATERAL SURFACE . 
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